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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 2

Fuels and Combustion

Scilab code Exa 2.1 Example 1

1 clc

2 clear

3 //DATA GIVEN
4 c=88; //% o f carbon in c o a l
5 h=4.2; //% o f hydrogen i n c o a l
6 Wf =0.848; // we ight o f c o a l i n g
7 Wfw =0.027; // we ight o f f u s e w i r e i n

c a l o r im e t e r i n g
8 W=1950; // we ight o f water i n

c a l o r im e t e r i n g
9 We=380; // water e q u i v a l e n t o f

c a l o r im e t e r
10 Dt =3.06; // obs e rved tempera tu r e r i s e

( t2−t1 ) i n deg c e l s i u s
11 tc =0.017; // c o o l i n g c o r r e c t i o n i n deg

c e l s i u s
12 cfw =6700; // c a l o r i f i c va l u e o f f u s e

w i r e i n J/g
13

14 //CALCULATIONS
15 ctr=(Dt)+tc; // c o r r e c t e d temp . r i s e
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16 Hw=(W+We)*4.18*[ ctr]; // heat r e c i e v e d by water i n
J

17 Hfw=Wfw*cfw; // heat g i v en out by f u s e
w i r e i n J

18 Hcf=Hw -Hfw; // heat produced due to
combust ion o f f u e l i n J

19 HCV=Hcf/Wf; // h i g h e r c a l o r i f i c va l u e o f
f u e l i n kJ/kg

20 Ms=9*h/100; // steam produced per kg o f
c o a l

21 LCV=HCV -2465* Ms; // l owe r c a l o r i f i c va l u e o f
f u e l i n kJ/kg

22

23 printf( ’ The Higher c a l o r i f i c va l u e o f f u e l , H.C .V.
i s : %5 . 1 f kJ/kg . \n ’ ,HCV);

24 printf( ’ The Lower c a l o r i f i c va l u e o f f u e l , L .C .V.
i s : %5 . 1 f kJ/kg . \n ’ ,LCV);

Scilab code Exa 2.2 Example 2

1 clc

2 clear

3 //DATA GIVEN
4 V1 =0.08; // gas burnt i n c a l o r im e t e r

i n mˆ3
5 Pg=5.2; // p r e s s u r e o f gas supp ly i n

cm o f water
6 Pb =75.5; // barometer r e ad i n g i n cm

o f Hg
7 Ww=28; // we ight o f water heated by

gas i n kg
8 Tg=13; // t empera tu r e o f gas i n deg

c e l s i u s
9 Twi =10; // t empera tu r e o f water at

i n l e t i n deg c e l s i u s
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10 Two =23.5; // t empera tu r e o f water at
o u t l e t i n deg c e l s i u s

11 Ms =0.06; // steam condensed i n kg
12

13 //CALCULATIONS
14 //by u s i n g g e n e r a l gas equat ion , r e du c i n g the volume

to S .T .P .
15 //p1∗V1/T1=p2∗V2/T2
16 p1=Pb+(Pg /13.6); // i n cm o f Hg
17 T1=Tg +273; // i n K
18 p2=76; // i n cm o f Hg
19 T2 =15+273; // i n K
20 V2=p1*V1*T2/T1/p2; // i n mˆ3
21 Hw=Ww *4.18*(Two -Twi); // heat r e c i e v e d by water i n

kJ
22 HCV=Hw/V1; // h i g h e r c a l o r i f i c va l u e o f

f u e l i n kJ/mˆ3
23 LCV=HCV -2465* Ms/V1; // l owe r c a l o r i f i c va l u e o f

f u e l i n kJ/mˆ3
24

25 printf( ’ The C a l o r i f i c v a l u e s o f f u e l per mˆ3 o f gas
at 15 deg c e l s i u s and 76 cm o f Hg p r e s s u r e a r e :
\n ’ );

26 printf( ’ The Higher c a l o r i f i c va l u e o f f u e l , H.C .V.
i s : %5 . 1 f kJ/mˆ3 . \n ’ ,HCV);

27 printf( ’ The Lower c a l o r i f i c va l u e o f f u e l , L .C .V.
i s : %5 . 1 f kJ/mˆ3 . \n ’ ,LCV);
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Chapter 3

Properties of Gases

Scilab code Exa 3.1 Example 1

1 clc

2 clear

3 //DATA GIVEN
4 Q=-50; // heat r e j e c t e d to

c o o l i n g water i n kJ/kg
5 W=-100; //work input i n kJ/

kg
6

7 // u s i n g F i r s t Law o f Thermodynamics , Q=(u2−u1 )+W
8 Du=Q-W; // ( u2−u1 ) change i n

i n t e r n a l ene rgy i n kJ/kg
9 // s i n c e Du i s +ve , t h e r e i s ga in i n i n t e r n a l ene rgy

10

11 printf( ’ The GAIN in i n t e r n a l ene rgy i s : %2 . 0 f kJ/kg .
\n ’ ,Du);

Scilab code Exa 3.2 Example 2
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1 clc

2 clear

3 //DATA GIVEN
4 u1=450; // i n t e r n a l ene rgy at

b e g i nn i ng o f the expans i on i n kJ/kg
5 u2=220; // i n t e r n a l ene rgy

a f t e r expans i on i n kJ/kg
6 W=120; //work done by the

a i r du r ing expans i on i n kJ/kg
7

8 // u s i n g F i r s t Law o f Thermodynamics , Q=(u2−u1 )+W
9 Q=(u2 -u1)+W; // heat f l ow in kJ/kg

10 // s i n c e Q i s −ve , t h e r e i s r e j e c t i o n o f heat
11

12 printf( ’ The heat REJECTED by a i r i s : %3 . 0 f kJ/kg . \n
’ ,(-Q));

Scilab code Exa 3.3 Example 3

1 clc

2 clear

3 //DATA GIVEN
4 m=0.3; //mass o f n i t r o g e n

i n kg
5 p1=0.1; // p r e s s u r e i n MPa
6 T1 =40+273; // t empera tu r e b e f o r e

compre s s i on i n K
7 p2=1; // p r e s s u r e i n MPa
8 T2 =160+273; // t empera tu r e a f t e r

compre s s i on i n K
9 W=-30; //work done dur ing

the compre s s i on i n kJ/kg
10 Cv=0.75 // i n kJ/kgK
11

12 // u s i n g F i r s t Law o f Thermodynamics , Q=(u2−u1 )+W
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13 // ( u2−u1 )=m∗Cv∗ (T2−T1)
14 Du=m*Cv*(T2 -T1);

15 Q=Du+W; // heat f l ow in kJ/kg
16 // s i n c e Q i s −ve , t h e r e i s r e j e c t i o n o f heat
17

18 printf( ’ The heat REJECTED by a i r i s : %1 . 0 f kJ . \n ’
,(-Q));

Scilab code Exa 3.4 Example 4

1 clc

2 clear

3 //DATA GIVEN
4 // i n i t i a l s t a t e
5 p1 =0.105; // p r e s s u r e o f gas i n

MPa
6 V1=0.4; // volume o f gas i n m

ˆ3
7 // f i n a l s t a t e
8 p2 =0.105; // p r e s s u r e o f gas i n

MPa
9 V2 =0.20; // volume o f gas i n m

ˆ3
10

11 Q= -42.5; // heat t r a n s f e r r e d
i n kJ

12 p=p1;

13

14 // p r o c e s s used− ISOBARIC ( Constant p r e s s u r e )
15 W12=p*(V2-V1)*1000; //work i n kJ
16 // u s i n g F i r s t Law o f Thermodynamics , Q=(u2−u1 )+W
17 Du=Q-W12; // ( u2−u1 ) change i n

i n t e r n a l ene rgy i n kJ
18 // s i n c e Du i s −ve , t h e r e i s d e c r e a s e i n i n t e r n a l

ene rgy
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19

20 printf( ’ The DECREASE in i n t e r n a l ene rgy i s : %2 . 1 f kJ
. \n ’ ,(-Du));

Scilab code Exa 3.5 Example 5

1 clc

2 clear

3 //DATA GIVEN
4 // part−1
5 // p r e s s u r e=p1 , t empera tu r e=T1
6 // part−2
7 // p r e s s u r e=p2 , t empera tu r e=T2
8

9 //Acc . F i r s t Law o f Thermodynamics , Q=(u2−u1 )+W
10 //when p a r t i t i o n moved
11 DQ=0;

12 DW=0;

13 DU=DQ-DW;

14 //DU=0
15

16 printf( ’ CONCLUSION: \n ’ );
17 printf( ’ Acc . to F i r s t Law o f Thermodynamics , \

n ’ );
18 printf( ’ When pa r t i o n moved , t h e r e i s

c o n s e r v a t i o n o f i n t e r n a l ene rgy . \n ’ );

Scilab code Exa 3.6 Example 6

1 clc

2 clear

3 //DATA GIVEN
4 // i n i t i a l s t a t e

14



5 p1 =10^5; // i n i t i a l p r e s s u r e
o f a i r i n Pa

6 v1=1.8; // volume o f a i r i n m
ˆ3/ kg

7 T1 =25+273; // i n i t i a l
t empera tu re o f a i r i n K

8 // f i n a l s t a t e
9 p2 =5*10^5; // f i n a l p r e s s u r e o f

a i r i n Pa
10 T2 =25+273; // f i n a l t empera tu r e

o f a i r i n K
11

12 // p r o c e s s used− ISOTHERMAL ( Constant t empera tu r e )
13 W12=[p1*v1*log(p1/p2)]/1000; //work i n kJ/kg
14 // s i n c e W i s −ve , work i s s u pp l i e d to the a i r
15

16 // s i n c e t empera tu r e i s c on s t an t
17 Du=0; // ( u2−u1 ) change i n

i n t e r n a l ene rgy i n kJ/kg
18

19 // u s i n g F i r s t Law o f Thermodynamics , Q=(u2−u1 )+W
20 Q=Du+W12;

21 // s i n c e Q i s −ve , t h e r e i s r e j e c t i o n o f heat from
system to su r r ound i n g s

22

23 printf( ’ ( i ) The Work done on the a i r i s : %3 . 1 f kJ/
kg . \n ’ ,(-W12));

24 printf( ’ ( i i ) The change i n i n t e r n a l ene rgy i s : %1 . 0
f kJ/kg . \n ’ ,(Du));

25 printf( ’ ( i i i ) The Heat REJECTED i s : %3 . 1 f kJ/kg . \n ’
,(-Q));

Scilab code Exa 3.8 Example 8

1 clc
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2 clear

3 //DATA GIVEN
4 p1 =4*10^5; // i n i t i a l p r e s s u r e

i n N/mˆ2
5 V1=0.2; // i n i t i a l volume in

mˆ3
6 T1 =130+273; // i n i t i a l

t empera tu re i n K
7 p2 =1.02*10^5; // f i n a l p r e s s u r e

a f t e r a d i a b a t i c expans i on i n N/mˆ2
8 Q23 =72.5; // i n c r e a s e i n

en tha lpy dur ing c on s t an t p r e s s u r e p r o c e s s i n kJ
9 Cp=1; // i n kJ/kgK

10 Cv =0.714; // i n kJ/khK
11

12 //gamma f o r a i r , g
13 g=Cp/Cv;

14 R=(Cp -Cv)*1000;

15

16 // f o r r e v e r s i b l e a d i a b a t i c p r o c e s s 1−2
17 //p1 ∗ (V1ˆg )=p2 ∗ (V2ˆg )
18 V2=V1*(p1/p2)^(1/g); // f i n a l volume in m

ˆ3
19 // (T2/T1)=(p2/p1 ) ˆ ( ( g−1)/g ) ;
20 T2=T1*(p2/p1)^((g-1)/g);; // f i n a l temp . T2 in

K
21

22 m=p1*V1/R/T1; //mass i n kg
23

24 // f o r c on s t an t p r e s s u r e p r o c e s s 2−3
25 //Q23=m∗Cp∗ (T3−T2) ;
26 T3=Q23/m/Cp+T2;

27 //V2/T2=V3/T3
28 V3=V2/T2*T3;

29

30 //Work done by the path 1−2−3, W123=W12+W23
31 W12=(p1*V1-p2*V2)/(g-1);

32 W23=p2*(V3-V2);
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33 W123=W12+W23;

34

35 // i f the above p r o c e s s e s a r e r e p l a c e d by a s i n g l e
r e v e r s i b l e p o l y t r o p i c p r o c e s s g i v i n g the same
work between i n i t i a l and f i n a l s t a t e s ,

36 //W13=W123=(p1V1−p3V3 ) /(n−1)
37 p3=p2;

38 n=1+(p1*V1-p3*V3)/W123; // index o f expans ion
, n

39

40 printf( ’ ( i ) The Tota l Work done i s : %5 . 0 f Nm or J .
\n ’ ,W123);

41 printf( ’ ( i i ) The va lu e o f index o f expans ion , n i s :
%1 . 3 f . \n ’ ,n);

42

43 //NOTE:
44 // t h e r e i s s l i g h t v a r i a t i o n i n answers o f the book

due to round ing o f f o f the v a l u e s

Scilab code Exa 3.10 Example 10

1 clc

2 clear

3 //DATA GIVEN
4 // i n i t i a l s t a t e
5 p1 =10^5; // i n i t i a l p r e s s u r e

o f gas i n Pa
6 V1 =0.45; // i n i t i a l volume o f

gas i n mˆ3
7 T1 =80+273; // i n i t i a l

t empera tu re o f gas i n K
8 // f i n a l s t a t e
9 p2 =5*10^5; // f i n a l p r e s s u r e o f

gas i n Pa
10 V2 =0.13; // f i n a l volume o f
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gas i n mˆ3
11

12 //gamma f o r a i r , g
13 g=1.4;

14 R=294.2 //J/kgK
15

16 m=p1*V1/R/T1; //mass i n kg
17

18 //p1 ∗ (V1ˆn )=p2 ∗ (V2ˆn )
19 n=log(p1/p2)/log(V2/V1); // index n
20

21 // In a p o l y t r o p i c p r o c e s s
22 // (T2/T1)=(V1/V2) ˆ(n−1) ;
23 T2=T1*(V1/V2)^(n-1); // temp . T2 in K
24

25 Cv=R/(g-1);

26 Du=m*Cv*(T2 -T1)/1000; // i n c r e a s e i n
i n t e r n a l ene rgy i n kJ

27

28 // u s i n g F i r s t Law o f Thermodynamics , Q=(u2−u1 )+W
29 //W12=(p1∗V1−p2∗V2) /(n−1)=mR(T2−T1) /(n−1)
30 W12=m*R*(T1-T2)/(n-1) /1000;

31 Q=Du+W12;

32 // s i n c e Q i s −ve , t h e r e i s r e j e c t i o n o f heat from
system to su r r ound i n g s

33

34 printf( ’ ( i ) The Mass o f the gas i s : %1 . 3 f kg . \n ’ ,(
m));

35 printf( ’ ( i i ) The index n i s : %1 . 3 f . \n ’ ,(n));
36 printf( ’ ( i i i ) The change i n i n t e r n a l ene rgy i s : %2 . 1

f kJ . \n ’ ,(Du));
37 printf( ’ ( i v ) The Heat REJECTED i s : %2 . 2 f kJ . \n ’ ,(-

Q));

Scilab code Exa 3.11 Example 11

18



1 clc

2 clear

3 //DATA GIVEN
4 // i n i t i a l s t a t e
5 p1 =1.02; // i n i t i a l p r e s s u r e

o f a i r i n bar
6 V1 =0.015; // i n i t i a l volume o f

a i r i n mˆ3
7 T1 =22+273; // i n i t i a l

t empera tu re o f a i r i n K
8 // f i n a l s t a t e
9 p2=6.8; // f i n a l p r e s s u r e o f

a i r i n bar
10 //Law o f a d i a b a t i c compres s ion , pVˆg=C
11

12 //gamma f o r a i r , g
13 g=1.4

14 R=0.287;

15

16 // In a a d i a b a t i c p r o c e s s
17 // (T2/T1)=(p2/p1 ) ˆ ( ( g−1)/g ) ;
18 T2=T1*(p2/p1)^((g-1)/g);; // f i n a l temp . T2 in

K
19

20 //p1 ∗ (V1ˆg )=p2 ∗ (V2ˆg )
21 V2=V1*(p1/p2)^(1/g); // f i n a l volume in m

ˆ3
22

23 m=p1 *10^5* V1 /10^3/R/T1; //mass i n kg
24

25 //W=(p1∗V1−p2∗V2) /( g−1)=mR(T2−T1) /( g−1)
26 W=m*R*(T1-T2)/(g-1);

27 // s i n c e W i s −ve , the work i s done on the a i r
28

29 printf( ’ ( i ) The F i na l t empera tu re i s : %3 . 2 f deg .
c e l s i u s . \n ’ ,(T2 -273));

30 printf( ’ ( i i ) The F i na l Volume i s : %1 . 5 f mˆ3 . \n ’ ,V2
);
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31 printf( ’ ( i i i ) The Work done on the a i r i s : %1 . 3 f kJ .
\n ’ ,(-W));

Scilab code Exa 3.12 Example 12

1 clc

2 clear

3 //DATA GIVEN
4 m=0.44; //mass o f a i r i n kg
5 T1 =180+273; // i n i t i a l

t empera tu re o f a i r i n K
6 T2 =15+273; // f i n a l t empera tu r e

o f a i r i n K
7 W12 =52.5; //work done dur ing

the p r o c e s s i n kJ
8 //V2/V1=3
9 Vr=3; // volume r a t i o , Vr=

V2/V1
10

11 //Law o f a d i a b a t i c expans ion , pVˆg=C
12

13 // In an a d i a b a t i c p r o c e s s
14 // (T2/T1)=(V1/V2) ˆ( g−1) ;
15 g=1+[( log(T2/T1)/log(1/Vr))]; //gamma

f o r a i r , g=Cp/Cv
16

17 //W12=(p1∗V1−p2∗V2) /(n−1)=mR(T2−T1) /( g−1)
18 R=W12/m/(T1-T2)*(g-1);

19 //R=Cp−Cv
20

21 Cv=R/(g-1);

22 Cp=g*Cv;

23

24 printf( ’ ( i ) The va lu e o f Cv i s : %1 . 3 f kJ/kgK . \n ’ ,
Cv);
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25 printf( ’ ( i i ) The va lu e o f Cp i s : %1 . 3 f kJ/kgK . \n ’ ,
Cp);

26

27 //NOTE:
28 // t h e r e i s s l i g h t v a r i a t i o n i n answers o f the book

due to round ing o f f o f the v a l u e s

Scilab code Exa 3.13 Example 13

1 clc

2 clear

3 //DATA GIVEN
4 m=1; //mass o f e tahne gas

i n kg
5 M=30; // mo l e cu l a r we ight

o f e thane
6 p1=1.1; // i n i t i a l p r e s s u r e

i n bar
7 T1 =27+273; // i n i t i a l

t empera tu re i n K
8 p2=6.6; // f i n a l p r e s s u r e i n

bar
9 Cp =1.75; // i n kJ/kgK

10

11 //Law o f compres s ion , pVˆ1.3=C
12 n=1.3;

13

14 // C h a r a c t e r i s t i c gas cons tant , R = Un i v e r s a l gas
c on s t an t (Ro) /Mo l e cu l a r we ight (M)

15 Ro =8314;

16 R=Ro/M/1000; // kJ/kgK
17

18 //R=Cp−Cv
19 Cv=Cp-R;

20 g=Cp/Cv; //gamma g

21



21

22 // In a p o l y t r o p i c p r o c e s s
23 // (T2/T1)=(p2/p1 ) ˆ ( ( n−1)/n ) ;
24 T2=T1*(p2/p1)^((n-1)/n);; // f i n a l temp . T2 in

K
25

26 //W=(p1∗V1−p2∗V2) /(n−1)=mR(T2−T1) /( g−1)
27 W=m*R*(T1-T2)/(n-1);

28

29 Q=[(g-n)/(g-1)]*W; // heat f l ow in kJ/kg
30

31 printf( ’ The Heat SUPPLIED i s : %2 . 1 f kJ/kg . \n ’ ,(Q))
;
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Chapter 4

Properties of Steam

Scilab code Exa 4.1 Example 1

1 clc

2 clear

3 //DATA GIVEN
4 Ms=50; //mass o f dry steam

in kg
5 Mw=1.5; //mass o f water i n

s u s p en s i o n i n kg
6

7 // d ryne s s f r a c t i o n , x=(mass o f dry steam ) /( mass o f
dry steam +mass o f water i n s u s p en s i o n )

8 x=Ms/(Ms+Mw);

9

10 printf( ’ The Dryness f r a c t i o n ( Qua l i t y ) o f steam i s :
%1 . 3 f . ’ ,x);

Scilab code Exa 4.2 Example 2

1 clc
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2 clear

3 //DATA GIVEN
4 V=0.6; // volume o f the

v e s s e l i n mˆ3
5 p=0.5; // p r e s s u r e i n bar
6 M=3; //mass o f l i q u i d and

water vapour i n kg
7

8 v=V/M; // s p e c i f i c volume in
mˆ3/ kg

9 //At 5 bar , from steam t a b l e s
10 vg =0.375; //mˆ3/ kg
11 vf =0.00109; //mˆ3/ kg
12 vfg=vg -vf;

13 //v=vg−(1−x ) v f g
14 x=(v-vg)/vfg +1; // q u a l i t y o f the

vapour
15

16 //mass and volume o f l i q u i d
17 Mliq=M*(1-x);

18 Vliq=Mliq*vf;

19

20 //mass and volume o f vapour
21 Mvap=M*x;

22 Vvap=Mvap*vg;

23

24 printf( ’ ( i ) The Mass and Volume o f l i q u i d i s : \n ’ );
25 printf( ’ Mliq . i s : %1 . 3 f kg . \n ’ ,Mliq);
26 printf( ’ V l i q . i s : %1 . 4 f mˆ3 . \n ’ ,Vliq);
27 printf( ’ ( i i ) The Mass and Volume o f vapour i s : \n ’ );
28 printf( ’ Mvap . i s : %1 . 3 f kg . \n ’ ,Mvap);
29 printf( ’ Vvap . i s : %1 . 4 f mˆ3 . \n ’ ,Vvap);

Scilab code Exa 4.3 Example 3
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1 clc

2 clear

3 //DATA GIVEN
4 V=0.05; // volume o f v e s s e l i n

mˆ3
5 Mf=10; //mass o f l i q u i d i n

kg
6 T=245; // temp . i n deg

c e l s i u s
7

8 // from steam tab l e s , c o r r e s p ond i n g to 245 deg
c e l s i u s

9 Psat =36.5; // bar
10 vf =0.001239; //mˆ3/ kg
11 vg =0.0546; //mˆ3/ kg
12 hf =1061.4; // kJ/kg
13 hfg =1740.2; // kJ/kg
14 sf =2.7474; // kJ/kgK
15 sfg =3.3585; // kJ/kgK
16

17 Vf=Mf*vf; // volume o f l i q u i d
18 Vg=V-Vf; // volume o f vapour
19 Mg=Vg/vg; //mass o f vapour
20 m=Mf+Mg; // t o t a l mass o f

mixture
21

22 x=Mg/(Mg+Mf); // q u a l i t y o f the
mixture

23 vfg=vg -vf;

24 v=vf+x*vfg; // s p e c i f i c volume
25

26 h=hf+x*hfg; // s p e c i f i c en tha lpy
27

28 s=sf+x*sfg; // s p e c i f i c en t ropy
29

30 u=h-Psat *10^5*v/10^3; // s p e c i f i c i n t e r n a l
ene rgy

31
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32

33 printf( ’ ( i ) The P r e s s u r e i s : %2 . 1 f bar . \n ’ ,Psat);
34 printf( ’ ( i i ) The mass m i s : %2 . 3 f kg . \n ’ ,m);
35 printf( ’ ( i i i ) The S p e c i f i c volume v i s : %1 . 6 f mˆ3/ kg

. \n ’ ,v);
36 printf( ’ ( i v ) The S p e c i f i c en tha lpy h i s : %4 . 2 f kJ/

kg . \n ’ ,h);
37 printf( ’ ( v ) The S p e c i f i c en t ropy s i s : %1 . 4 f kJ/

kgK . \n ’ ,s);
38 printf( ’ ( v i ) The S p e c i f i c i n t e r n a l ene rgy u i s : %4

. 2 f kJ/kg . \n ’ ,u);
39

40 //NOTE:
41 // t h e r e i s s l i g h t v a r i a t i o n i n answers o f book due

to round ing o f f o f the v a l u e s i n the book

Scilab code Exa 4.4 Example 4

1 clc

2 clear

3 //DATA GIVEN
4 Mw=2; //mass o f water to be

conve r t ed to steam in kg
5 Tw=25; // temp . o f water i n

deg c e l s i u s
6 p=5; // p r e s s u r e
7 x=0.9; // d ryne s s f r a c t i o n
8

9 //At 5 bar , from steam t a b l e s
10 hf =640.1; // kJ/kg
11 hfg =2107.4; // kJ/kg
12

13 h=hf+x*hfg; // s p e c i f i c en tha lpy (
above 0 deg c e l s i u s )

14 hs =1*4.18*(Tw -0); // s e n s i b l e heat
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a s s o c i a t e d with i kg o f water
15 hnet=h-hs; // net quan t i t y o f

heat to be s u pp l i e d per kg o f water
16 Htotal=Mw*hnet; // t o t a l amount o f

heat to be s u pp l i e d
17

18 printf( ’ The Tota l amount o f heat to be s u pp l i e d i s :
%4 . 2 f kJ . ’ ,Htotal);

Scilab code Exa 4.5 Example 5

1 clc

2 clear

3 //DATA GIVEN
4 m=4.4; //mass o f steam to be

produced in kg
5 p=6; // p r e s s u r e o f steam
6 Tsup =250; // temp . o f steam in

deg . c e l s i u s
7 Tw=30; // temp . o f water i n

deg c e l s i u s
8 Cps =2.2; // s p e c i f i c heat o f

steam in kJ/kg
9

10 //At 6 bar , from steam t a b l e s
11 Ts =158.8; // deg . c e l s i u s
12 hf =670.4; // kJ/kg
13 hfg =2085; // kJ/kg
14 // s i n c e the g i v en temp . 250 deg c e l s i u s i s g r e a t e r

than 158 . 8 deg c e l s i u s , steam i s supe rh ea t ed
15

16 hsup=hf+hfg+Cps*(Tsup -Ts); // en tha lpy o f 1 kg
sup e r g e a t ed steam reckoned from 0 deg . c e l s i u s

17 hs =1*4.18*(Tw -0); // s e n s i b l e heat
a s s o c i a t e d with i kg o f water

27



18 hnet=hsup -hs; // net quan t i t y o f
heat to be s u pp l i e d per kg o f water

19 Htotal=m*hnet; // t o t a l amount o f
heat to be s u pp l i e d

20

21 printf( ’ The Tota l amount o f heat to be s u pp l i e d i s :
%4 . 1 f kJ . ’ ,Htotal);

Scilab code Exa 4.6 Example 6

1 clc

2 clear

3 //DATA GIVEN
4 V=0.15; // volume o f wet steam

in mˆ3
5 p=4; // p r e s s u r e o f wet

steam in bar
6 x=0.8; // d ryne s s f r a c t i o n
7

8 //At 4 bar , from steam t a b l e s
9 vg =0.462; //mˆ3/ kg
10 hf =604.7; // kJ/kg
11 hfg =2133; // kJ/kg
12

13 rho =1/(x*vg); // d e n s i t y i n kg/mˆ3
14 m=rho*V; //mass o f 0 . 1 5 mˆ3 o f

steam
15

16 Htotal =(rho*1)*(hf+x*hfg); // t o t a l heat o f 1 mˆ3
o f steam which has a mass o f rho ( 2 . 7 0 5 6 ) kg

17

18 printf( ’ ( i ) The Mass o f 0 . 1 5 mˆ3 o f steam i s : %1 . 4 f
kg . \n ’ ,m);

19 printf( ’ ( i i ) The Tota l heat o f 1 mˆ3 o f steam which
has a mass o f 2 . 7 056 kg i s : %4 . 2 f kJ . \n ’ ,Htotal)
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;

Scilab code Exa 4.7 Example 7

1 clc

2 clear

3 //DATA GIVEN
4 m=1000; //mass o f steam

gene r a t ed i n kg/ hr
5 p=16; // p r e s s u r e o f steam

in bar
6 x=0.9; // d ryne s s f r a c t i o n
7 Tsup =380+273; // temp . o f

s upe rh ea t ed steam in K
8 Tfw =30; // temp . o f f e e d water

i n deg . c e l s i u s
9 Cps =2.2; // s p e c i f i c heat o f

steam in kJ/kg
10

11 //At 16 bar , from steam t a b l e s
12 Ts =201.4+273; // i n K
13 hf =858.6; // kJ/kg
14 hfg =1933.2; // kJ/kg
15

16 Hs=m*[(hf+x*hfg) -1*4.187*(Tfw -0)]; // heat
s u pp l i e d to f e e d water per hr to produce wet
steam

17 Ha=m*[(1-x)*hfg+Cps*(Tsup -Ts)]; // heat
absorbed by s up e r h e a t e r per hour

18

19 printf( ’ ( i ) The Heat s u pp l i e d to f e e d water per hour
to produce wet steam i s : %4 . 2 f ∗10ˆ3 kJ . \n ’ ,(Hs

/1000));

20 printf( ’ ( i i ) The Heat absorbed by s up e r h e a t e r per
hour i s : %3 . 2 f ∗10ˆ3 kJ . \n ’ ,(Ha /1000));
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Scilab code Exa 4.8 Example 8

1 clc

2 clear

3

4 //At 0 . 7 5 bar . From steam tab l e s ,
5 //At 100 deg c e l s i u s
6 T1=100; // deg c e l s i u s
7 hsup1 =2679.4; // kJ/kg
8 //At 150 deg c e l s i u s
9 T2=150; // deg c e l s i u s

10 hsup2 =2778.2; // kJ/kg
11 Cps1=(hsup2 -hsup1)/(T2-T1);

12

13 //At 0 . 5 bar . From steam tab l e s ,
14 //At 300 deg c e l s i u s
15 T3=300; // deg c e l s i u s
16 hsup3 =3075.5; // kJ/kg
17 //At 400 deg c e l s i u s
18 T4=400; // deg c e l s i u s
19 hsup4 =3278.9; // kJ/kg
20 Cps2=(hsup4 -hsup3)/(T4-T3);

21

22 printf( ’ ( i ) The mean s p e c i f i c heat f o r supe rh ea t ed
steam \n (At 0 . 7 5 bar , between 100 and 150
deg c e l s i u s ) i s : %1 . 3 f . \n ’ ,Cps1);

23 printf( ’ ( i i ) The mean s p e c i f i c heat f o r supe rh ea t ed
steam \n (At 0 . 5 bar , between 300 and 400

deg c e l s i u s ) i s : %1 . 3 f . \n ’ ,Cps2);

Scilab code Exa 4.9 Example 9
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1 clc

2 clear

3 //DATA GIVEN
4 m=1.5; //mass o f steam in

cooke r i n kg
5 p1=5; // p r e s s u r e o f steam

in bar
6 x1=1; // i n i t i a l d r yn e s s

f r a c t i o n o f steam
7 x2=0.6; // f i n a l d r yne s s

f r a c t i o n o f steam
8

9 //At 5 bar , from steam t a b l e s
10 Ts1 =151.8+273; // i n K
11 hf1 =640.1; // kJ/kg
12 hfg1 =2107.4; // kJ/kg
13 vg1 =0.375; //mˆ3/ kg
14

15 V1=m*vg1; //
volume o f p r e s s u r e cooke r i n mˆ3

16 u1=(hf1+hfg1)-(p1 *10^5) *(vg1 *10^ -3); //
i n t e r n a l ene rgy o f steam per kg at i n i t i a l p o i n t
1

17 //V1=V2
18 //V1=m∗ [(1− x2 ) ∗ v f 2+x2∗vg2 ] // v f 2

i s n e g l i g i b l e
19 vg2=V1/x2 /1.5;

20

21 // from steam t a b l e s c o r e e s p ond i n g to vg2 =0.625 mˆ3/
kg

22 p2=2.9;

23 Ts2 =132.4+273; // i n K
24 hf2 =556.5; // kJ/kg
25 hfg2 =2166.6; // kJ/kg
26

27 u2=(hf2+x2*hfg2) -(p2 *10^5)*x2*(vg2 *10^ -3); //
i n t e r n a l ene rgy o f steam per kg at f i n a l p o i n t 2

28

31



29 hnet=u2-u1; // heat
t r a n s f e r r e d at c on s t an t volume per kg

30 Htotal=m*hnet; //
t o t a l heat t r a n s f e r r e d

31 //−ve s i g n i n d i c a t e s tha t heat has been r e j e c t e d
32 Hrej=-1* Htotal;

33

34 printf( ’ ( i ) The P r e s s u r e at new s t a t e i s : %1 . 1 f bar
. \n ’ ,p2);

35 printf( ’ The Temperature at new s t a t e i s : %3 . 1 f
deg . c e l s i u s or %3 . 1 f K. \n ’ ,(Ts2 -273) ,Ts2);

36 printf( ’ ( i i ) The Tota l heat to be REJECTED i s : %4 . 2
f kJ . ’ ,Hrej);

Scilab code Exa 4.10 Example 10

1 clc

2 clear

3 //DATA GIVEN
4 V=0.9; // c ap a c i t y o f

s p h e r i c a l v e s s e l i n mˆ3
5 p1=8; // p r e s s u r e o f steam

in bar
6 x1=0.9; // d ryne s s f r a c t i o n

o f steam
7 p2=4; // p r e s s u r e o f steam

a f t e r blow o f f i n bar
8 p3=3; // f i n a l p r e s s u r e o f

steam in bar
9

10 //At 8 bar , from steam t a b l e s
11 hf1 =720.9; // kJ/kg
12 hfg1 =2046.5; // kJ/kg
13 vg1 =0.240; //mˆ3/ kg
14
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15 m1=V/(x1*vg1); //mass o f steam in
the v e s s e l i n kg

16

17 h1=hf1+x1*hfg1; // en tha lpy o f steam
b e f o r e b lowing o f f ( per kg )

18 // en tha lpy o f steam b e f o r e b lowing o f f ( per kg ) =
entha lpy o f steam a f t e r b lowing o f f ( per kg )

19 h2=h1;

20 //h2=hf2+x2∗ h fg2
21 //At 4 bar , from steam t a b l e s
22 hf2 =604.7; // kJ/kg
23 hfg2 =2133; // kJ/kg
24 vg2 =0.462; //mˆ3/ kg
25 x2=(h2-hf2)/hfg2; // d ryne s s f r a c t i o n

at 2
26

27 m2=V/(x2*vg2); //mass o f steam in
the v e s s e l i n kg

28 m=m1 -m2; //mass o f steam
blown o f f i n kg

29

30 //As i t i s c on s t an t volume c o o l i n g , x2∗vg2 ( at 4 bar )
=x3∗vg3 ( at 3 bar )

31 //At 3 bar , from steam t a b l e s
32 hf3 =561.4; // kJ/kg
33 hfg3 =2163.2; // kJ/kg
34 vg3 =0.606; //mˆ3/ kg
35

36 x3=x2*vg2/vg3;

37 h3=hf3+x3*hfg3;

38

39 // heat l o s t dur ing c o o l i n g , Q lo s t=m( u3−u2 )
40 u2=h2-p2 *10^5* x2*vg2 *10^ -3;

41 u3=h3-p3 *10^5* x3*vg3 *10^ -3;

42 Qlost=m*(u3 -u2);

43

44 printf( ’ ( i ) The Mass o f o f steam blown o f f i s : %1 . 3
f kg . \n ’ ,m);
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45 printf( ’ ( i i ) The Dryness f r a c t i o n o f steam in the
v e s s e l a f t e r c o o l i n g i s : %1 . 4 f . \n ’ ,x3);

46 printf( ’ ( i i i ) The Heat l o s t dur ing c o o l i n g i s : %3 . 2 f
kJ . \n ’ ,(-Qlost));

47

48 //NOTE:
49 //The answers o f m1 , x3 a r e INCORRECT in the book ,
50 // thus , the answers o f m, x3 and Qlo s t a r e INCORRECT

in the book
51 // whi l e , the v a l u e s ob ta i n ed her ( i n s c i l a b ) a r e

CORRECT.

Scilab code Exa 4.11 Example 11

1 clc

2 clear

3 //DATA GIVEN
4 p=8; // p r e s s u r e o f steam

in bar
5 x=0.8; // d ryne s s f r a c t i o n
6

7 //At 8 bar , from steam t a b l e s
8 vg =0.240; //mˆ3/ kg
9 hfg =2046.5; // kJ/kg

10

11 We=p*10^5*x*vg /1000; // e x t e r n a l work done
dur ing e vapo r a t i o n i n kJ

12 LHi=x*hfg -We; // I n t e r n a l l a t e n t
heat i n kJ

13

14 printf( ’ ( i ) The Ext e rna l work done dur ing
e vapo r a t i o n i s : %3 . 1 f kJ . \n ’ ,We);

15 printf( ’ ( i i ) The I n t e r n a l l a t e n t heat i s : %4 . 1 f kJ .
\n ’ ,LHi);
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Scilab code Exa 4.12 Example 12

1 clc

2 clear

3 //DATA GIVEN
4 p=10; // p r e s s u r e o f steam ,

p1=p2 in bar
5 x1 =0.85; // d ryne s s f r a c t i o n
6 V1 =0.15; // volume o f steam in

mˆ3
7 Tsup2 =300+273; // temp . o f steam in K
8 Cps =2.2; // s p e c i f i c heat o f

steam in kJ/kgK
9

10 //At 10 bar , from steam t a b l e s
11 vg1 =0.194; //mˆ3/ kg
12 hfg1 =2013.6; // kJ/kg
13 Ts1 =179.9+273; // i n K
14 m=V1/(x1*vg1); //mass o f steam

in kg
15 hnet=(1-x1)*hfg1+Cps*(Tsup2 -Ts1); // heat s u pp l i e d

per kg o f steam
16 Htotal=m*hnet; // t o t a l heat

s u pp l i e d
17

18 // Ex t e rna l work done dur ing the p r o c e s s We=p ∗ ( vsup2−
x∗vg1 )

19 // s i n c e p1=p2=p ,
20 // vg1 /Ts1=vsup2 /Tsup2
21 vsup2=vg1*Tsup2/Ts1;

22 We=p*10^5*( vsup2 -x1*vg1)*10^ -3;

23 hp=We/hnet; //% o f t o t a l
heat s u pp l i e d ( per kg ) which appea r s as e x t e r n a l
work
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24

25 printf( ’ ( i ) The Tota l heat s u pp l i e d i s : %3 . 1 f kJ . \
n ’ ,Htotal);

26 printf( ’ ( i i ) The Pe r c en tage o f t o t a l heat s u pp l i e d
( per kg ) which appea r s as e x t e r n a l work i s : %2 . 1 f
p e r c en t . \n ’ ,(hp*100));

Scilab code Exa 4.13 Example 13

1 clc

2 clear

3 //DATA GIVEN
4 p=18; // p r e s s u r e o f steam
5 x=0.85; // d ryne s s f r a c t i o n
6

7 //At 18 bar , from steam t a b l e s
8 hf =884.6; // kJ/kg
9 hfg =1910.3; // kJ/kg

10 vg =0.110; //mˆ3/ kg
11 uf=883; // kJ/kg
12 ug =2598; // kJ/kg
13

14 v=x*vg; // s p e c i f i c volume o f
wet steam

15 h=hf+x*hfg; // s p e c i f i c en tha lpy
o f wet steam

16 u=(1-x)*uf+x*ug; // s p e c i f i c i n t e r n a l
ene rgy o f wet steam

17

18 printf( ’ ( i ) The S p e c i f i c volume v i s : %1 . 4 f mˆ3/ kg .
\n ’ ,v);

19 printf( ’ ( i i ) The S p e c i f i c en tha lpy h i s : %4 . 2 f kJ/
kg . \n ’ ,h);

20 printf( ’ ( i i i ) The S p e c i f i c i n t e r n a l ene rgy u i s : %4
. 2 f kJ/kg . \n ’ ,u);
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Scilab code Exa 4.14 Example 14

1 clc

2 clear

3 //DATA GIVEN
4 p=7; // p r e s s u r e o f steam
5 h=2550; // en tha lpy o f steam
6

7 //At 7 bar , from steam t a b l e s
8 hf =697.1; // kJ/kg
9 hfg =2064.9; // kJ/kg

10 vg =0.273; //mˆ3/ kg
11 uf=696; // kJ/kg
12 ug =2573; // kJ/kg
13

14 hg=hf+hfg;

15 //At 7 bar , hg=2762 kJ/kg , hence s i n c e a c t u a l
en tha lpy i s g i v en as 2550 kJ/kg , the steam must
be i n wet vapour s t a t e

16 // s p e c i f i c en tha lpy o f wet steam , h=hf+x∗ h fg
17 x=(h-hf)/hfg; // d ryne s s f r a c t i o n
18 v=x*vg; // s p e c i f i c volume o f

wet steam
19 u=(1-x)*uf+x*ug; // s p e c i f i c i n t e r n a l

ene rgy o f wet steam
20

21 printf( ’ ( i ) The Dryness f r a c t i o n x i s : %1 . 3 f . \n ’ ,x
);

22 printf( ’ ( i i ) The S p e c i f i c volume v i s : %1 . 4 f mˆ3/ kg
. \n ’ ,v);

23 printf( ’ ( i i i ) The S p e c i f i c i n t e r n a l ene rgy u i s : %4
. 2 f kJ/kg . \n ’ ,u);
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Scilab code Exa 4.15 Example 15

1 clc

2 clear

3 //DATA GIVEN
4 p=120; // p r e s s u r e o f steam
5 v=0.01721; // s p e c i f i c volume o f

steam
6

7 //At 120 bar , from steam t a b l e s
8 vg =0.0143; //mˆ3/ kg
9 // s i n c e vg<v , the steam i s supe rh ea t ed
10 // so from supe rh ea t t a b l e s at 120 bar and v=0.01721

mˆ3/ kg
11 T=350; // deg . c e l s i u s
12 h=2847.7; // s p e c i f i c en tha lpy

o f steam
13 u=h-p*10^5*v/10^3; // s p e c i f i c i n t e r n a l

ene rgy o f steam
14

15 printf( ’ ( i ) The Temperature i s : %3 . 0 f deg c e l s i u s .
\n ’ ,T);

16 printf( ’ ( i i ) The S p e c i f i c en tha lpy h i s : %4 . 1 f kJ/
kg . \n ’ ,h);

17 printf( ’ ( i i i ) The S p e c i f i c i n t e r n a l ene rgy u i s : %4
. 2 f kJ/kg . \n ’ ,u);

Scilab code Exa 4.16 Example 16

1 clc

2 clear

3 //DATA GIVEN
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4 p=140; // p r e s s u r e o f steam
5 h=3001.9; // s p e c i f i c en tha lpy

o f steam
6

7 //At 140 bar , from steam t a b l e s
8 hg =2642.4;

9 // s i n c e hg<h , the steam i s supe rh ea t ed
10 // so from supe rh ea t t a b l e s at 140 bar and h=3001.9

kJ/kg
11 T=400; // deg . c e l s i u s
12 v=0.01722; // s p e c i f i c volume o f

steam
13 u=h-p*10^5*v/10^3; // s p e c i f i c i n t e r n a l

ene rgy o f steam
14

15 printf( ’ ( i ) The Temperature i s : %3 . 0 f deg c e l s i u s .
\n ’ ,T);

16 printf( ’ ( i i ) The S p e c i f i c volume v i s : %1 . 5 f mˆ3/ kg
. \n ’ ,v);

17 printf( ’ ( i i i ) The S p e c i f i c i n t e r n a l ene rgy u i s : %4
. 2 f kJ/kg . \n ’ ,u);

Scilab code Exa 4.17 Example 17

1 clc

2 clear

3

4 p1=10; // p r e s s u r e i n
bar

5 //At 10 bar and 300 deg c e l s i u s , from steam t a b l e s
o f s upe rh ea t ed steam

6 hsup =3051.2 // kJ/kg
7 Tsup =300+273; // temp . o f steam

in K
8 //At 10 bar and 300 deg c e l s i u s , from steam t a b l e s
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o f dry s a t u r a t e d steam
9 Ts =179.9+273 // temp . o f steam

in K
10 vg =0.194; //mˆ3/ kg
11

12 //By vg/Ts = vsup /Tsup
13 vsup=vg*Tsup/Ts;

14 u1=hsup -p1 *10^5* vsup /10^3;

15

16 p2=1.4; //new p r e s s u r e
i n bar

17 x2=0.8; // d ryne s s
f r a c t i o n

18 //At 1 . 4 bar , from steam t a b l e s
19 hf2 =458.4; // kJ/kg
20 hfg2 =2231.9; // kJ/kg
21 vg2 =1.236; //mˆ3/ kg
22 h2=hf2+x2*hfg2; // en tha lpy o f

wet steam ( a f t e r expans i on )
23 u2=h2-p2 *10^5* x2*vg2 /10^3; // i n t e r n a l

ene rgy o f t h i s steam
24 Du=u2-u1; // change i n

i n t e r n a l ene rgy per kg
25

26 printf( ’ ( i ) The I n t e r n a l ene rgy o f supe rh ea t ed
steam at 10 bar i s : %4 . 1 f kJ/kg . \n ’ ,u1);

27 printf( ’ ( i i ) The Change i n i n t e r n a l ene rgy per kg
i s : %2 . 1 f kJ . \n ’ ,Du);

28 printf( ’ ( Nega t i v e s i g n i n d i c a t e s DECREASE in
i n t e r n a l ene rgy . ) ’ );

Scilab code Exa 4.18 Example 18

1 clc

2 clear
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3 //DATA GIVEN
4 m=1; //mass o f steam in kg
5 p=20; // p r e s s u r e o f steam

in bar
6 Tsup =400+273; // temp . o f steam in K
7 x=0.9; // d ryne s s f r a c t i o n
8 Cps =2.3; // s p e c i f i c heat o f

steam in kJ/kgK
9

10 //At 20 bar , from steam t a b l e s
11 Ts =212.4+273; // i n K
12 hf =908.6; // kJ/kg
13 hfg =1888.6; // kJ/kg
14 vg =0.0995; //mˆ3/ kg
15 hsup=hf+hfg+Cps*(Tsup -Ts); // kJ/kg
16

17 //Assume supe rh ea t ed steam to behave as a p e r f e c t
gas from the commencement o f s up e r h e a t i n g and
thus obey Charle ’ s Law

18 //By vg/Ts=vsup /Tsup
19 vsup=vg*Tsup/Ts;

20 usup=hsup -p*10^5* vsup *10^ -3; // i n t e r n a l
ene rgy o f 1 kg o f supe rh ea t ed steam in kJ/kg

21

22 h=hf+x*hfg;

23 u=h-p*10^5*x*vg*10^ -3; // i n t e r n a l
ene rgy o f 1 kg o f wet steam in kJ/kg

24

25 printf( ’ ( i ) The I n t e r n a l ene rgy o f 1 kg o f
supe rh ea t ed steam at 400 deg c e l s i u s i s : %4 . 2 f kJ
/kg . \n ’ ,usup);

26 printf( ’ ( i i ) The I n t e r n a l ene rgy o f 1 kg o f wet
steam with d ryne s s f r a c t i o n 0 . 9 i s : %4 . 2 f kJ/kg .
\n ’ ,u);
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Scilab code Exa 4.19 Example 19

1 clc

2 clear

3 //DATA GIVEN
4 p=20; // p r e s s u r e i n the

b o i l e r s and main i s 20 bar
5 Tbs =350; // t empera tu r e o f steam

in b o i l e r with s up e r h e a t e r i n deg . c e l s i u s
6 Tm=250; // t empera tu r e o f steam

in the main i n deg . c e l s i u s
7 Cps =2.25; // s p e c i f i c heat o f

steam in kJ/kg
8

9 //At 20 bar , from steam t a b l e s
10 Ts =212.4; // deg . c e l s i u s
11 hf =908.6; // kJ/kg
12 hg =2797.2; // kJ/kg
13 hfg =1888.6; // kJ/kg
14

15 // B o i l e r B1−20 bar , 350 deg . c e l s i u s
16 h1=hg+Cps*(Tbs -Ts);

17

18 //Main−20 bar , 250 deg c e l s i u s
19 hm=2*[hg+Cps*(Tm-Ts)]; // t o t a l heat o f

2 kg o f steam in the steam main
20

21 // B o i l e r B2−20 bar ,
22 //h2=hf+x2∗ h fg
23 //h2=hm−h1
24 x2=((hm-h1)-hf)/hfg;

25

26 printf( ’ The Qua l i t y o f steam in the B o i l e r w i thout
s up e r h e a t e r i s : %1 . 3 f . \n ’ ,x2);
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Scilab code Exa 4.20 Example 20

1 clc

2 clear

3 //DATA GIVEN
4 m=1; //mass o f wet

steam in kg
5 p=6; // p r e s s u r e o f

steam in bar
6 x=0.8; // d ryne s s

f r a c t i o n
7

8 //At 6 bar , from steam t a b l e s
9 Ts =158.8+273; // i n K
10 hfg =2085; // kJ/kg
11 swet =4.18* log(Ts/273)+x*hfg/Ts; // ent ropy o f

wet steam in kJ/kgK
12

13 printf( ’ The Entropy o f wet steam i s : %1 . 4 f kJ/kgK . ’ ,
swet);

14

15 //NOTE;
16 // the exac t ans i s 5 . 7 7 9 4 , wh i l e i n TB i t i s g i v en

as 5 . 7 865 kJ/kgK

Scilab code Exa 4.21 Example 21

1 clc

2 clear

3 //DATA GIVEN
4 p1=10; // i n i t i a l p r e s s u r e o f

steam in bar
5 Tsup =250; // i n i t i a l t empera tu re

o f steam in deg c e l s i u s
6 p2=0.2; // f i n a l p r e s s u r e o f
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steam in bar
7 x2=0.9; // f i n a l d r yne s s

f r a c t i o n o f steam
8

9 //At 10 bar , from steam t a b l e s
10 hsup =3263.9; // kJ/kg
11 ssup =7.465; // kJ/kgK
12 h1=hsup;

13 s1=ssup;

14

15 //At 0 . 2 bar , from steam t a b l e s
16 hf2 =251.5; // kJ/kh
17 hfg2 =2358.4; // kJ/kg
18 sf2 =0.8321; // kJ/kgK
19 sg2 =7.9094; // kJ/kgK
20 h2=hf2+x2*hfg2;

21 sfg2=(sg2 -sf2);

22 s2=sf2+x2*sfg2;

23

24 Dh=h1-h2; // drop i n en tha lpy
25 Ds=s1-s2; // change i n ent ropy
26

27 printf( ’ ( i ) The Drop in en tha lpy i s : %3 . 1 f kJ/kg . \
n ’ ,Dh);

28 printf( ’ ( i i ) The change (DECREASE) in ent ropy i s :
%1 . 4 f kJ/kgK . ’ ,Ds);

Scilab code Exa 4.22 Example 22

1 clc

2 clear

3 //DATA GIVEN
4 m=1; //mass o f steam in kg
5 p=12; // p r e s s u r e o f steam

in bar

44



6 Tsup =250+273; // temp . o f steam in K
7 Cps =2.1; // s p e c i f i c heat o f

steam in kJ/kg
8

9 //At 12 bar , from steam t a b l e s
10 Ts =188+273; // i n K
11 hfg =1984.3; // kJ/kg
12 ssup =4.18* log(Ts/273)+hfg/Ts+Cps*log(Tsup/Ts);

// ent ropy o f wet steam in kJ/kgK
13

14 printf( ’ The Entropy o f 1 kg o f supe rh ea t ed steam at
12 bar and 250 deg c e l s i u s i s : %1 . 3 f kJ/kg . \n ’ ,

ssup);

Scilab code Exa 4.23 Example 23

1 clc

2 clear

3 //DATA GIVEN
4 p=5; // p r e s s u r e o f steam

in bar
5 Mwt =50; //mass o f water i n

the tank in kg
6 t1=20; // i n i t i a l temp . i n

deg . c e l s i u s
7 Ms=3; // amount o f steam

condensed i n kg
8 t2=40; // f i n a l temp . i n deg .

c e l s i u s
9 We=1.5; // water e q u i v a l e n t o f

tank i n kg
10

11 //At 5 bar , from steam t a b l e s
12 hf =640.1; // i n kJ/kg
13 hfg =2107.4; // i n kJ/kg
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14

15 Mw=Mwt+We; // t o t a l mass o f water
i n kg

16 // heat l o s t by steam = heat ga ined by water
17 //Ms [ ( h f+xhfg ) −1∗4.18∗( t2−0) ]=Mw[ 1 ∗ 4 . 1 8 ∗ ( t2−t1 ) ]
18 x=[Mw *[1*4.18*(t2-t1)]/Ms +1*4.18*(t2 -0)-hf]/hfg;

// d ryne s s f r a c t i o n
19

20 printf( ’ The Dryness f r a c t i o n o f steam , x i s : %1 . 4 f . ’
,x);

Scilab code Exa 4.24 Example 24

1 clc

2 clear

3 //DATA GIVEN
4 p=1.1; // p r e s s u r e o f steam

in bar
5 x=0.95; // d ryne s s f r a c t i o n
6 Mwt =90; //mass o f water i n

the tank in kg
7 t1=25; // i n i t i a l temp . i n

deg . c e l s i u s
8 Mt =12.5; //mass o f tank in kg
9 c=0.42; // s p e c i f i c heat o f

meta l i n kJ/kgK
10 t2=40; // f i n a l temp . i n deg .

c e l s i u s
11

12 m1=Mwt;

13 m2=Mt*c; // water e q u i v a l e n t o f
v e s s e l

14 M=m1+m2; // t o t a l mass o f water
i n kg

15 //At 1 . 1 bar , from steam t a b l e s
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16 hf =428.8; // i n kJ/kg
17 hfg =2250.8; // i n kJ/kg
18 // heat l o s t by steam = heat ga ined by water
19 //Ms [ ( h f+xhfg ) −1∗4.18∗( t2−0) ]=M[ 1 ∗ 4 . 1 8 ∗ ( t2−t1 ) ]
20 Ms=M*[1*4.18*(t2-t1)]/[(hf+x*hfg) -1*4.18*(t2 -0)];

//mass o f steam condensed i n kg
21

22 printf( ’ The Mass o f steam condensed , Ms i s : %1 . 3 f
kg . ’ ,Ms);

Scilab code Exa 4.25 Example 25

1 clc

2 clear

3 //DATA GIVEN
4 // c o n d i t i o n o f steam b e f o r e t h r o t t l i n g
5 p1=8; // p r e s s u r e i n bar
6 // c o n d i t i o n o f steam a f t e r t h r o t t l i n g
7 p2=1; // p r e s s u r e i n bar
8 T2 =115+273; // temp . i n deg . c e l s i u s
9 Tsup2=T2;

10 //At 1 bar ,
11 Ts2 =99.6+273;

12 Cps =2.1; // kJ/kgK
13

14 //As t h r o t t l i n g i s a c on s t an t en tha lpy p r o c e s s ,
15 //h1=h2 . . . . . h f 1+x1∗ hg f1=hf2+hfg2+Cps ( Tsup2−Ts2 )
16

17 //At 8 bar , from steam tab l e s ,
18 hf1 =720.9;

19 hfg1 =2046.5;

20 //At 1 bar , from steam tab l e s ,
21 hf2 =417.5;

22 hfg2 =2257.9;

23
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24 x1=[hf2+hfg2+Cps*(Tsup2 -Ts2)-hf1]/hfg1; //
d ryne s s f r a c t i o n

25

26 printf( ’ The Dryness f r a c t i o n o f steam in the main ,
x1 i s : %1 . 2 f . ’ ,x1);

Scilab code Exa 4.26 Example 26

1 clc

2 clear

3 //DATA GIVEN
4 Mw=2; //mass o f water

s e p a r a t e d out i n kg
5 Ms =20.5; // amount o f steam (

conden sa t e ) d i s c h a r g e d from t h r o t t l i n g
c a l o r im e t e r i n kg

6 Tsup3 =110+273; // temp . o f steam
a f e t r t h r o t t l i n g i n K

7 p1=12; // i n i t i a l p r e s s u r e
o f steam in bar

8 p3 =(760+5) /1000*1.3366; // f i n a l p r e s s u r e o f
steam in bar (1 mm o f Hg=1.3366 bar )

9 Cps =2.1; // kJ/kgK
10

11 p2=p1;

12 //At p1=p2=12 bar , from steam t a b l e s
13 hf2 =798.4; // i n kJ/kg
14 hfg2 =1984.3; // i n kJ/kg
15

16 //At p3=1 bar , from steam t a b l e s
17 Ts3 =99.6+273; // i n K
18 Tsup3 =110+273; // i n K
19 hf3 =417.5; // i n kJ/kg
20 hfg3 =2257.9; // i n kJ/kg
21
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22 //h2=h3 . . . . . h f 2+x2∗ hg f2=hf3+hfg3+Cps ( Tsup3−Ts3 )
23 x2=[hf3+hfg3+Cps*(Tsup3 -Ts3)-hf2]/hfg2; //

d ryne s s f r a c t i o n x2
24

25 x1=(x2*Ms)/(Mw+Ms); //
d ryne s s f r a c t i o n o f steam supp l i e d , x1

26

27 printf( ’ The Qua l i t y o f steam supp l i e d , x1 i s : %1 . 2 f .
’ ,x1);

Scilab code Exa 4.27 Example 27

1 clc

2 clear

3 //DATA GIVEN
4 p1=15; // p r e s s u r e o f steam

sample i n bar
5 p3=1; // p r e s s u r e o f steam

at e x i t i n bar
6 Tsup3 =150+273; // t empera tu r e os

steam at the e x i t i n K
7 Mw=0.5; // d i s c h a r g e from

s e p a r a t i n g c a l o r im e t e r i n kg/min
8 Ms=10; // d i s c h a r g e from

t h r o t t l i n g c a l o r im e t e r i n kg/min
9

10 p2=p1;

11 //At p1=p2=15 bar , from steam t a b l e s
12 hf2 =844.7; // i n kJ/kg
13 hfg2 =1945.2; // i n kJ/kg
14

15 //At p3=1 bar and 150 deg . c e l s i u s , from steam
t a b l e s

16 hsup3 =2776.4; // i n kJ/kg
17
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18 //h2=h3 . . . . . h f 2+x2∗ hg f2=hsup3
19 x2=[hsup3 -hf2]/hfg2; // d ryne s s f r a c t i o n

x2
20

21 x1=(x2*Ms)/(Mw+Ms); // q u a l i t y o f steam
supp l i e d , x1

22

23 printf( ’ The Qua l i t y o f steam supp l i e d , x1 i s : %1 . 3 f .
’ ,x1);
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Chapter 5

Heat Engines

Scilab code Exa 5.1 Example 1

1 clc

2 clear

3 //DATA GIVEN
4 Ms =10000/3600; // r a t e o f steam f l ow in kg/ s
5 // i n l e t to t u r b i n e
6 p1=60; // p r e s s u e i n bar
7 T1=380; // temp . i n deg . c e l s i u s
8

9 // e x i t from turb in e , i n l e t to conden s e r
10 p2=0.1; // p r e s s u e i n bar
11 x2=0.9; // q u a l i t y
12 v2=200; // v e l o c i t y i n m/ s
13

14 // e x i t from condense r , i n l e t to pump
15 p3 =0.09; // p r e s s u e i n bar
16 // i t i s s a t u r a t e d
17

18 // e x i t from pump , i n l e t to b o i l e r
19 p4=70; // p r e s s u e i n bar
20

21 // e x i t from b o i l e r ,
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22 p5=65; // p r e s s u e i n bar
23 T5=400; // temp . i n deg . c e l s i u s
24

25 // f o r condense r ,
26 t1=20; // i n l e t temp . i n deg . c e l s i u s
27 t2=30; // e x i t temp . i n deg . c e l s i u s
28

29 //At 60 bar and 380 deg . c e l s i u s , from steam t a b l e s
30 h1 =3043.0+(3177.2 -3043.0) /(400 -350) *30; //By

i n t e r p o l a t i o n
31

32 //At 0 . 1 bar , from steam t a b l e s
33 hf2 =191.8; // i n kJ/kg
34 hfg2 =2392.8; // i n kJ/kg
35 h2=hf2+x2*hfg2;

36 Pt=Ms*(h1-h2) // power output o f
the t u r b i n e i n kW

37

38 //At 70 bar , from steam t a b l e s
39 hf4 =1267.4; // i n kJ/kg
40 //At 60 bar and 380 deg . c e l s i u s , from steam t a b l e s
41 ha =(3177.2+3158.1) /2; //By i n t e r p o l a t i o n

between 60 and 70 deg c e l s i u s
42 Q1=Ms *3600*(ha-hf4); // heat t r a n s f e r

per hour i n the b o i l e r
43 //At 0 . 0 9 bar , from steam t a b l e s
44 hf3 =183.3; // i n kJ/kg
45 Q2=Ms *3600*(h2-hf3); // heat t r a n s f e r

per hour i n the conden s e r
46

47 // heat l o s t by steam=heat ga ined by the c o o l i n g
water

48 //Q2=Mw∗ 4 . 1 8 ∗ ( t2−t1 )
49 Mw=Q2 /4.18/10; //mass o f c o o l i n g

water c i r c u l e t e d per hour i n conden s e r
50

51 // ( p i ) /4∗dˆ2=Ms∗x2∗vg2
52 //d=d iamete r o f the p ipe c onn e c t i n g t u r b i n e with
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conden s e r
53 C=200; // v e l o c i t y o f

steam in m/ s
54 vg2 =14.67; // s p e c i f i c volume

at 0 . 1 bar
55 d=(Ms*x2*vg2/(%pi/4)/C)^0.5;

56

57 printf( ’ ( i ) The Power output o f t u r b i n e i s : %4 . 0 f
kW. \n ’ ,Pt);

58 printf( ’ ( i i ) The Heat t r a n s f e r per hour i n the
B o i l e r i s : %3 . 2 e kJ/h . \n ’ ,Q1);

59 printf( ’ The Heat t r a n s f e r per hour i n the
Condenser i s : %3 . 2 e kJ/h . \n ’ ,Q2);

60 printf( ’ ( i i i ) The Mass o f c o o l i n g water c i r c u l a t e d
per hour i n the conden s e r i s : %3 . 2 e kg/ hr . \n ’ ,Mw
);

61 printf( ’ ( i v ) The Diameter o f the p ip e c onn e c t i n g
t u r b i n e with conden s e r i s : %1 . 3 f m or %3 . 0 f mm. \
n ’ ,d,(d*1000));

62

63 //NOTE:
64 // ans o f Mw(1 . 1 1 6 ∗ 1 0 ˆ 7 ) i s g i v en i n c o r r e c t i n the

book .
65 // the c o r r e c t ans o f Mw i s = 5 . 17∗10ˆ5 kg/h .

Scilab code Exa 5.2 Example 2

1 clc

2 clear

3 //DATA GIVEN
4 p1=15; // steam supp ly p r e s s u r e i n

bar
5 x1=1; // q u a l i t y o f steam
6 p2=0.4; // conden s e r p r e s s u r e
7
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8 //At 0 . 1 5 bar , from steam t a b l e s
9 T1 =198.3+273; // i n K
10 hg1 =2789.9; // i n kJ/kg
11 sg1 =6.4406; // i n kJ/kgK
12 //At 0 . 4 bar , from steam t a b l e s
13 T2 =75.9+273; // i n K
14 hf2 =317.7; // i n kJ/kg
15 hfg2 =2319.2; // i n kJ/kg
16 sf2 =1.0261; // i n kJ/kgK
17 sfg2 =6.6448; // i n kJ/kgK
18

19 ETAcarnot =(T1 -T2)/T1; // Carnot e f f i c i e n c y
20 //ETArankine=Ad iaba t i c or i s e n t r o p i c heat drop / heat

s u pp l i e d
21 //ETArankine=(hg1−h2 ) /( hg1−h f2 )
22 // as the steam expands i s e n t r o p i c a l l y , s1=s2
23 // sg1=s f 2+x2∗ s f g 2
24 x2=(sg1 -sf2)/sfg2;

25 h2=hf2+x2*hfg2;

26 ETArankine =(hg1 -h2)/(hg1 -hf2); // Rankine
e f f i c i e n c y

27

28 printf( ’ ( i ) The Carnot e f f i c i e n c y i s : %1 . 4 f or %2 . 2
f p e r c en t . \n ’ ,ETAcarnot ,( ETAcarnot *100));

29 printf( ’ ( i i ) The Rankine e f f i c i e n c y i s : %1 . 4 f or %2
. 2 f p e r c en t . \n ’ ,ETArankine ,( ETArankine *100));

Scilab code Exa 5.3 Example 3

1 clc

2 clear

3 //DATA GIVEN
4 p1=20; // b o i l e r p r e s s u r e i n bar
5 T1 =360+273; // temp . i n K
6 p2 =0.08; // b o i l e r p r e s s u r e i n bar
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7

8 //At 20 bar and 360 deg . c e l s i u s , from steam t a b l e s
9 h1 =3159.3; // i n kJ/kg
10 sg1 =6.9917; // i n kJ/kgK
11

12 //At 0 . 0 8 bar , from steam t a b l e s
13 hf2 =173.88; // i n kJ/kg
14 hf3=hf2;

15 sf2 =0.5926; // i n kJ/kgK
16 s3=sf2;

17 hfg2 =2403.1; // i n kJ/kg
18 sg2 =8.2287; // i n kJ/kgK
19 vf2 =0.001008; //mˆ3/ kg
20 sfg2 =7.6361; // i n kJ/kgK
21

22 // as the steam expands i s e n t r o p i c a l l y , s1=s2
23 // sg1=s f 2+x2∗ s f g 2
24 x2=(sg1 -sf2)/sfg2;

25 h2=hf2+x2*hfg2;

26

27 //Wnet=Wturbine−Wpump
28 //Wpump=hf4−h f3=v f3 ( p1−p2 )
29 Wp=vf2*(p1-p2)*100;

30 hf4=Wp+hf3;

31 Wt=h1-h2;

32 Wnet=Wt-Wp;

33 Q1=h1-hf4; // i n kJ/kg
34 ETAcycle=Wnet/Q1; // c y c l e e f f i c i e n c y
35

36 printf( ’ ( i ) The Net work per kg o f steam i s : %3 . 2 f
kJ/kg . \n ’ ,Wnet);

37 printf( ’ ( i i ) The Cyc le e f f i c i e n c y i s : %1 . 3 f o r %2 . 1
f p e r c en t . \n ’ ,ETAcycle ,( ETAcycle *100));

Scilab code Exa 5.4 Example 4
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1 clc

2 clear

3 // g i v en steam t a b l e e x t r a c t
4 p1=80; // i n bar
5 t1 =295.1; // i n deg . c e l s i u s
6 vf1 =0.001385; //mˆ3/ kg
7 vg1 =0.0235; //mˆ3/ kg
8 hf1 =1317; // i n kJ/kg
9 hfg1 =1440.5; // i n kJ/kg

10 hg1 =2757.5; // i n kJ/kg
11 sf1 =3.2073; // i n kJ/kgK
12 sfg1 =2.5351; // i n kJ/kgK
13 sg1 =5.7424; // i n kJ/kgK
14

15 p2=0.1; // i n bar
16 t2 =45.84; // i n deg . c e l s i u s
17 vf2 =0.0010103; //mˆ3/ kg
18 vg2 =14.68 //mˆ3/ kg
19 hf2 =191.9; // i n kJ/kg
20 hf3=hf2;

21 hfg2 =2392.3; // i n kJ/kg
22 hg2 =2584.2; // i n kJ/kg
23 sf2 =0.6488; // i n kJ/kgK
24 sfg2 =7.5006; // i n kJ/kgK
25 sg2 =8.1494; // i n kJ/kgK
26

27 ETAt =0.9; // steam tu r b i n e e f f i c i e n c y
28 ETAp =0.8; // conden sa t e pump

e f f i c i e n c y
29

30 P1=80; // i n bar
31 T1=600; // i n deg c e l s i u s
32 //At 80 bar and 600 deg c e l s i u s
33 v1 =0.486; //mˆ3/ kg
34 h1 =3642; // kJ/kg
35 s1 =7.0206; // kJ/kg/K
36

37 // as the steam expands i s e n t r o p i c a l l y , s1=s2
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38 // sg1=s f 2+x2∗ s f g 2
39 x2=(s1-sf2)/sfg2;

40 h2=hf2+x2*hfg2;

41 Wta=ETAt*(h1-h2); // a c t u a l t u r b i n e work i n kJ
/kg

42 Wp=vf2*(p1-p2)*10^5/10^3; //pump work i n kJ/kg
43 Wpa=Wp/ETAp; // a c t u a l pump work i n kJ/kg
44 Wnet=Wta -Wpa; // s p e c i f i c work i n kJ/kg
45 //ETAthermal=Wnet/Q1
46 //Q1=h1−h f4
47 hf4=hf3+Wpa;

48 Q1=h1-hf4;

49 ETAth=Wnet/Q1;

50

51 printf( ’ ( i ) The S p e c i f i c work (Wnet ) i s : %4 . 2 f kJ/
kg . \n ’ ,Wnet);

52 printf( ’ ( i i ) The Thermal e f f i c i e n c y i s : %1 . 3 f or %2
. 1 f p e r c en t . \n ’ ,ETAth ,(ETAth *100));

Scilab code Exa 5.5 Example 5

1 clc

2 clear

3 //DATA GIVEN
4 p1=28; // p r e s s u r e at 1 i n bar
5 p2 =0.06; // p r e s s u r e at 2 i n bar
6

7 //At 28 bar , from steam t a b l e s
8 h1 =2802; // i n kJ/kg
9 s1 =6.2104; // i n kJ/kgK
10

11 //At 0 . 0 6 bar , from steam t a b l e s
12 hf2 =151.5; // i n kJ/kg
13 hf3=hf2;

14 hfg2 =2415.9; // i n kJ/kg
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15 sf2 =0.521; // i n kJ/kgK
16 sf3=sf2;

17 sfg2 =7.809; // i n kJ/kgK
18 vf2 =0.001; //mˆ3/ kg
19

20

21 // as the steam expands i s e n t r o p i c a l l y , s1=s2
22 // sg1=s f 2+x2∗ s f g 2
23 x2=(s1-sf2)/sfg2;

24 h2=hf2+x2*hfg2;

25

26 //Wnet=Wturbine−Wpump
27 //Wpump=hf4−h f3=v f3 ( p1−p2 )
28 Wp=vf2*(p1-p2)*10^5/10^3;

29 hf4=Wp+hf2;

30 Wt=h1-h2;

31 Wnet=Wt-Wp;

32 Q1=h1-hf4; // i n kJ/kg
33 ETAcycle=Wnet/Q1; // c y c l e e f f i c i e n c y
34 wr=Wnet/Wt; //work r a t i o
35 ssc =3600/ Wnet; // s p e c i f i c steam consumption

i n kg/kWh
36

37 printf( ’ ( i ) The Cyc le e f f i c i e n c y i s : %1 . 4 f or %2 . 2 f
p e r c en t . \n ’ ,ETAcycle ,( ETAcycle *100));

38 printf( ’ ( i i ) The Work r a t i o i s : %1 . 3 f kJ/kg . \n ’ ,wr
);

39 printf( ’ ( i i i ) The S p e c i f i c steam consumption i n kg/
kWh i s : %1 . 3 f kg/kWh. \n ’ ,ssc);

Scilab code Exa 5.6 Example 6

1 clc

2 clear

3 //DATA GIVEN
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4 p1=35; // p r e s s u r e at i n l e t to
t u r b i n e i n bar

5 x1=1;

6 p2=0.2; // p r e s s u r e at exhaus t i n bar
7 m=9.5; // f l ow r a t e i n kg/ s
8

9 //At 35 bar , from steam t a b l e s
10 hg1 =2802; // i n kJ/kg
11 h1=hg1;

12 sg1 =6.1228; // i n kJ/kgK
13

14 //At 0 . 2 bar , from steam t a b l e s
15 hf2 =251.5; // i n kJ/kg
16 hf3=hf2;

17 hfg2 =2358.4; // i n kJ/kg
18 vf2 =0.001017; //mˆ3/ kg
19 sf2 =0.8321; // i n kJ/kgK
20 sfg2 =7.0773; // i n kJ/kgK
21

22 //Wnet=Wturbine−Wpump
23 //Wpump=hf4−h f3=v f3 ( p1−p2 )
24 Wp=vf2*(p1-p2)*10^5/10^3;

25 Wpnet=m*Wp;

26 hf4=Wp+hf3;

27

28 // as the steam expands i s e n t r o p i c a l l y , s1=s2
29 // sg1=s f 2+x2∗ s f g 2
30 x2=(sg1 -sf2)/sfg2; // d ryne s s

f r a c t i o n
31 h2=hf2+x2*hfg2;

32 Wt=h1-h2;

33 Wtnet=m*Wt;

34 ETArankine =(h1 -h2)/(h1 -hf2); // Rankine
e f f i c i e n c y

35 chf=m*(h2-hf3); // conden s e r
heat f l ow

36

37 printf( ’ ( i ) The Pump Work i s : %2 . 2 f kW. \n ’ ,Wpnet);
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38 printf( ’ ( i i ) The Turbine Work i s : %2 . 2 f kW. \n ’ ,
Wtnet);

39 printf( ’ ( i i i ) The Rankine e f f i c i e n c y i s : %1 . 4 f or %2
. 2 f p e r c en t . \n ’ ,ETArankine ,( ETArankine *100));

40 printf( ’ ( i v ) The Condenser heat f l ow i s : %1 . 3 f kW.
\n ’ ,chf);

41 printf( ’ ( v ) The d ryne s s at the end o f expans ion ,
x2 i s : %1 . 3 f or %2 . 1 f p e r c en t . \n ’ ,x2 ,(x2*100));

42

43 //NOTE:
44 //The va lu e o f x2 i n the book i s g i v en as 0 . 7 470
45 // wh i l e the exa c t ans i s 0 . 7 4755
46 // and so the v a l u e s o f o t h e r answers a r e va ry i ng by

some un i t s

Scilab code Exa 5.7 Example 7

1 clc

2 clear

3 //DATA GIVEN
4 h12 =840; // Ad i aba t i c en tha lpy drop , (

h1−h2 ) i n kJ/kg
5 h1 =2940; // en tha lpy o f steam supp l i e d

i n kJ/kg
6 p2=0.1; // back p r e s s u r e i n bar
7

8 //At 0 . 1 bar , from steam t a b l e s
9 hf =191.8; // i n kJ/kg
10 //ETArankine=(hg1−h2 ) /( hg1−h f2 )
11 ETArankine =(h12)/(h1-hf);

12 Wuse=h12; // u s e f u l work done per kg o f
steam in kJ/kg

13 ssc =1/ Wuse *3600; // s p e c i f i c steam consumption
14

15 printf( ’ ( i ) The Rankine e f f i c i e n c y i s : %1 . 4 f or %2 . 2
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f p e r c e n t . \n ’ ,ETArankine ,( ETArankine *100));
16 printf( ’ ( i i ) The S p e c i f i c steam consumption i s : %1 . 3

f kg/kWh. \n ’ ,ssc);

Scilab code Exa 5.8 Example 8

1 clc

2 clear

3 //DATA GIVEN
4 IP=35; // power deve l oped by the

eng i n e i n kW
5 m=284; // f l ow r a t e i n kg/h
6 p1=15; // steam i n l e t p r e s s u r e i n

bar
7 p2 =0.14; // conden s e r p r e s s u r e i n bar
8

9 //At 35 bar and 25 deg c e l s i u s from steam t a b l e s
10 h1 =2923.3; // i n kJ/kg
11 s1 =6.709; // i n kJ/kgK
12

13 //At 0 . 1 4 bar , from steam t a b l e s
14 hf2 =220; // i n kJ/kg
15 hf3=hf2;

16 hfg2 =2376.6; // i n kJ/kg
17 sf2 =0.737; // i n kJ/kgK
18 sfg2 =7.296; // i n kJ/kgK
19

20 // as the steam expands i s e n t r o p i c a l l y , s1=s2
21 // sg1=s f 2+x2∗ s f g 2
22 x2=(s1-sf2)/sfg2; // d ryne s s

f r a c t i o n
23 h2=hf2+x2*hfg2;

24

25 ETArankine =(h1 -h2)/(h1 -hf2); // Rankine
e f f i c i e n c y
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26

27 ETAthermal=IP/(m/3600*(h1 -hf2)); //Thermal
e f f i c i e n c y

28 ETArel=ETAthermal/ETArankine; // R e l a t i v e
e f f i c i e n c y

29

30 printf( ’ ( i ) The F i na l c o n d i t i o n o f steam i s : %1 . 2 f .
\n ’ ,x2);

31 printf( ’ ( i i ) The Rankine e f f i c i e n c y i s : %1 . 4 f or %2
. 2 f p e r c en t . \n ’ ,ETArankine ,( ETArankine *100));

32 printf( ’ ( i i i ) The R e l a t i v e e f f i c i e n c y i s : %1 . 3 f o r
%2 . 1 f p e r c en t . \n ’ ,ETArel ,( ETArel *100));

Scilab code Exa 5.9 Example 9

1 clc

2 clear

3 //DATA GIVEN
4 T1 =400+273; // temp . i n K
5 T2=T1;

6 T3 =40+273; // temp . i n K
7 T4=T3;

8 W=130; //work produced i n kJ
9

10 ETAth=(T1 -T3)/T1; // Engine therma l
e f f i c i e n c y

11

12 //ETAth=Work done /Heat added
13 Ha=W/ETAth; //Heat added in kJ
14 Hr=Ha-W; //Heat r e j e c t e d i n kJ
15 //Heat r e j e c t e d=T3( S3−S4 )
16 S34=Hr/T3; // Entropy change dur ing

the heat r e j e c t i o n p r o c e s s
17

18 printf( ’ ( i ) The Engine therma l e f f i c i e n c y i s : %1 . 3 f
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or %2 . 1 f p e r c en t . \n ’ ,ETAth ,(ETAth *100));
19 printf( ’ ( i i ) The Heat added i s : %3 . 0 f kJ . \n ’ ,Ha);
20 printf( ’ ( i i i ) The Entropy change dur ing the heat

r e j e c t i o n p r o c e s s i s : %1 . 3 f kJ/K. \n ’ ,S34);

Scilab code Exa 5.10 Example 10

1 clc

2 clear

3 //DATA GIVEN
4 p1=18; //maximum

p r e s s u r e i n bar
5 T1 =410+273; //maximum

tempera tu re i n K
6 T2=T1;

7 Rac =6; // r a t i o o f
i s e n t r o p i c or a d i a b a t i c compres s ion , V4/V1=6

8 Rie =1.5; // r a t i o o f
i s o t h e rma l expans ion , V2/V1=1.5

9 V1 =0.18; // volume o f a i r
at b e g i nn i ng o f i s o t h e rma l expans i on i n mˆ3

10 wc=210; //no . o f c y c l e s
per s

11

12 //gamma f o r a i r =1.4
13 g=1.4;

14

15 // f o r i s e n t r o p i c p r o c e s s 4−1
16 // Also (T1/T4)=(V4/V1) ˆ( g−1)
17 // (V4/V1)=Rac
18 T4=T1/Rac^(g-1);

19 T3=T4;

20 //p1 (V1ˆgamma)=p4 (V4ˆgamma)
21 //p4=p1 ∗ (V1/V4) ˆg
22 //where , (V4/V1)=Rac
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23 p4=p1/(Rac^g);

24

25 // f o r i s o t h e rma l p r o c e s s 1−2
26 //p1V1=p2V2
27 //V1/V2=1/Rie
28 p2=p1*(1/ Rie);

29

30 // f o r i s e n t r o p i c p r o c e s s 2−3
31 //p2 (V2ˆgamma)=p3 (V3ˆgamma)
32 //V2/V3=V1/V4=1/Rac
33 p3=p2*(1/ Rac)^g;

34

35 // change i n entropy , DS=S2−S1=mRlog (V2/V1)=p1V1/T1∗
l o g (V2/V1)

36 DS=p1 *10^5* V1 /10^3/ T1*log(Rie);

37

38 //Heat supp l i e d , Qs=p1∗V1∗ l o g (V2/V1)
39 //Qs=T1( S2−S1 )
40 Qs=T1*DS;

41 //Qr=p4∗V4∗ l o g (V3/V4) // heat
r e j e c t e d i n kJ

42 //Qr=T4( S3−S4 ) , bcs i n c r e a s e i n ent ropy dur ing heat
a dd i t i o n i s equa l to d e c r e a s e i n ent ropy dur ing
heat r e j e c t i o n

43 Qr=T4*DS;

44

45 ETA=(Qs -Qr)/Qs; //mean
therma l e f f i c i e n c y o f the c y c l e

46

47 //mean e f f e c t i v e p r e s s u r e o f the cy c l e , Pm = work
done per c y c l e / s t r o k e volume

48 Rv31=Rac*Rie; // r a t i o o f
volumes at 3 and 1 , V3/V1=V3/V2∗V2/V1

49 // s t r o k e volume , Vs=V3−V1
50 Vs=V1*(Rv31 -1);

51 J=1;

52 Pm=(Qs-Qr)*10^3/10^5*J/Vs;

53
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54 P=(Qs-Qr)*wc/60; // power o f
the eng i n e i n kW

55

56 printf( ’ ( i ) The P r e s s u r e and Temperature at po i n t 1
a r e : \ n ’ );

57 printf( ’ p1 :%2 . 0 f bar . \ n ’ ,p1);
58 printf( ’ T1 :%3 . 0 f K. \ n ’ ,T1);
59 printf( ’ The P r e s s u r e and Temperature at po i n t

2 a r e : \ n ’ );
60 printf( ’ p2 :%2 . 0 f bar . \ n ’ ,p2);
61 printf( ’ T2 :%3 . 0 f K. \ n ’ ,T2);
62 printf( ’ The P r e s s u r e and Temperature at po i n t

3 a r e : \ n ’ );
63 printf( ’ p3 :%1 . 2 f bar . \ n ’ ,p3);
64 printf( ’ T3 :%3 . 1 f K. \ n ’ ,T3);
65 printf( ’ The P r e s s u r e and Temperature at po i n t

4 a r e : \ n ’ );
66 printf( ’ p4 :%1 . 2 f bar . \ n ’ ,p4);
67 printf( ’ T4 :%3 . 1 f K. \ n ’ ,T4);
68 printf( ’ ( i i ) The Change i n ent ropy dur ing

i s o t h e rma l expans i on i s : %1 . 3 f kJ/K. \n ’ ,DS);
69 printf( ’ ( i i i ) The Mean therma l e f f i c i e n c y o f the

c y c l e i s : %1 . 3 f o r %2 . 1 f p e r c en t . \n ’ ,ETA ,(ETA
*100));

70 printf( ’ ( i v ) The Mean e f f e c t i v e p r e s s u r e i s : %1 . 3 f
bar . \n ’ ,Pm);

71 printf( ’ ( v ) The Power o f the eng i n e work ing on
t h i s c y c l e i s g i v en by : %3 . 1 f kW. ’ ,P);

72

73 //NOTE:
74 // t h e r e i s s l i g h t v a r i a t i o n i n answers o f book due

to round ing o f f o f the v a l u e s

Scilab code Exa 5.11 Example 11

65



1 clc

2 clear

3 //DATA GIVEN
4 //CASE−1
5 // (T1−T2) /T1=1/6
6 //SO , T1=1.2(T2) . . . . . . . . . Eqn ( 1 )
7

8 //CASE−2
9 //T2 REDUCED BY 70 DEG. CELSIUS
10 //{T1−[T2−(70+273) ]} /T1 = 1 / 3 . . . . . . . . . . . . . . Eqn ( 2 )
11 // 2T1=3T2−1029
12

13 //By Eqn ( 1 ) and ( 2 )
14 T2 =(70+273) *3/(3 -2*1.2);

15 T1=1.2*T2;

16

17 printf( ’ ( i ) The Temperature o f the Source , T1 i s : %4
. 0 f K or %4 . 0 f deg . c e l s i u s . \n ’ ,T1 ,(T1 -273));

18 printf( ’ ( i i ) The Temperature o f the Sink , T2 i s : %4
. 0 f K or %4 . 0 f deg . c e l s i u s . \n ’ ,T2 ,(T2 -273));

Scilab code Exa 5.12 Example 12

1 clc

2 clear

3 //DATA GIVEN
4 T1 =1990; // Temperature o f the

heat Source i n K
5 T2=850; // Temperature o f the

heat S ink i n K
6 Qs =32.5; // heat s u pp l i e d i n kJ/

min
7 P=0.4; // power deve l oped by the

eng i n e i n kW
8
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9 ETAcarnot =(T1 -T2)/T1;

10 // Also ETAth=work done /Heat s u pp l i e d
11 ETAth=P/Qs;

12

13 printf( ’ The E f f i c i e n c y o f c a rno t c y c l e i s : %1 . 3 f o r
%2 . 1 f p e r c en t . \n ’ ,ETAcarnot ,( ETAcarnot *100));

14 printf( ’ The Thermal e f f i c i e n c y o f eng i n e c l a imed by
i n v e n t o r i s : %1 . 3 f o r %2 . 1 f p e r c en t . \n\n ’ ,ETAth

,(ETAth *100));

15

16 if(ETAth >ETAcarnot)

17 printf( ’ Thus , The c l a im o f the i n v e n t o r i s
p o s s i b l e . ’ );

18 else

19 printf( ’ Thus , The c l a im o f the i n v e n t o r i s NOT
f e a s i b l e , \n as no eng i n e can be more
e f f i c i e n t than tha t work ing on ca rno t c y c l e . ’
);

Scilab code Exa 5.13 Example 13

1 clc

2 clear

3 //DATA GIVEN
4 ETAotto =60; // E f f i c i e n c y o f o t t o

c y c l e i n %
5 shr =1.5; // r a t i o o f s p e c i f i c

h e a t s
6

7 //ETAotto=1−1/( r ) ˆ( shr −1)
8 r=(1/(1 - ETAotto /100))^(1/(shr -1)); // compre s s i on

r a t i o
9

10 printf( ’ The compre s s i on r a t i o i s : %1 . 2 f . ’ ,r);
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Scilab code Exa 5.14 Example 14

1 clc

2 clear

3 //DATA GIVEN
4 D=0.25; // bore o f the

eng i n e i n m
5 L=0.375; // s t r o k e o f the

eng i n e i n m
6 Vc =0.00263; // c l e a r a n c e

volume in mˆ3
7 p1=1; // i n i t i a l

p r e s s u r e i n bar
8 T1 =50+273; // i n i t i a l

t empera tu re i n K
9 p3=25; //maximum

p r e s s u r e i n bar
10

11 Vs=(%pi/4)*D^2*L; // swept volume
12 r=(Vs+Vc)/Vc; // compre s s i on

r a t i o
13

14 // f o r a i r , gamma=1.4
15 g=1.4;

16 // Air s tandard e f f i c i e n c y o f o t t o c y c l e ETAotto
=1−1/( r ) ˆ( g−1)

17 ETAotto =1-1/(r)^(g-1);

18

19 // f o r a d i a b a t i c p r o c e s s 1−2
20 //p1 (V1ˆgamma)=p2 (V2ˆgamma)
21 //p2=p1 ∗ (V1/V2) ˆg
22 //where , (V1/V2)=r
23 p2=p1*(r^g); //

p r e s s u r e at 2 i n bar
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24 rp=p3/p2; //
p r e s s u r e r a t i o

25 Pm=p1*r*[(r^(g-1) -1)*(rp -1) ]/[(g-1)*(r-1)]; //mean
e f f e c t i v e p r e s s u r e i n bar

26

27 printf( ’ ( i ) The Air s t andard e f f i c i e n c y o f o t t o
c y c l e i s : %1 . 3 f o r %2 . 1 f p e r c en t . \n ’ ,ETAotto ,(
ETAotto *100));

28 printf( ’ ( i i ) The Mean e f f e c t i v e p r e s s u r e i s : %1 . 3 f
bar . \n ’ ,Pm);

Scilab code Exa 5.15 Example 15

1 clc

2 clear

3 //DATA GIVEN
4 T1 =38+273; // i n i t i a l

t empera tu re i n K
5 T3 =1950+273; //maximum

tempera tu re K
6 rp=15; // p r e s s u r e r a t i o
7 // f o r a i r , gamma=1.4
8 g=1.4;

9

10 // f o r a d i a b a t i c compre s s i on 1−2
11 //p1 (V1ˆgamma)=p2 (V2ˆgamma)
12 // (V1/V2)=r
13 r=(rp)^(1/g);

14

15 //Thermal e f f i c i e n c y ETAth=1−1/( r ) ˆ( g−1)
16 ETAth =1-1/(r)^(g-1);

17

18 // f o r a d i a b a t i c compre s s i on 1−2
19 // (T2/T1)=(V1/V2) ˆ( g−1)
20 // (V1/V2)=r
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21 T2=T1*r^(g-1);

22

23 // f o r a d i a b a t i c expans i on 3−4
24 // (T3/T4)=(V4/V3) ˆ( g−1)
25 // (V4/V3)=r
26 T4=T3/r^(g-1);

27

28 // heat s u pp l i e d per kg o f a i r , Qs=m∗Cv∗ (T3−T2)
29 R=0.287;

30 Cv=R/(g-1);

31 Qs=Cv*(T3-T2);

32

33 // heat r e j e c t e d per kg o f a i r , Qr=m∗Cv∗ (T4−T1)
34 Qr=Cv*(T4-T1);

35

36 W=Qs -Qr; //work done per kg
o f a i r

37

38 printf( ’ ( i ) The compre s s i on r a t i o i s : %1 . 1 f . \ n ’ ,r);
39 printf( ’ ( i i ) The Thermal e f f i c i e n c y i s : %1 . 3 f or %2

. 1 f p e r c en t . \n ’ ,ETAth ,(ETAth *100));
40 printf( ’ ( i i i ) The Work done i s : %3 . 1 f kJ or %6 . 0 f Nm

. ’ ,W,(W*1000));
41

42 //NOTE:
43 // t h e r e i s s l i g h t v a r i a t i o n i n answers i n the book

because o f round ing o f f o f the v a l u e s

Scilab code Exa 5.16 Example 16

1 clc

2 clear

3 //DATA GIVEN
4 V1 =0.45; // volume in mˆ3
5 p1=1; // i n i t i a l p r e s s u r e
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i n bar
6 T1 =30+273; // i n i t i a l

t empera tu re i n K
7 p2=11; // p r e s s u r e at the

end o f compre s s i on s t r o k e i n bar
8 Qs=210; // heat addaed at

c on s t an t volume in kJ
9 wc=210; //no . o f work ing

c y c l e s /min
10

11 // f o r a i r , gamma=1.4
12 g=1.4;

13

14 // f o r a d i a b a t i c compre s s i on 1−2
15 //p1 (V1ˆgamma)=p2 (V2ˆgamma)
16 // (V1/V2)=r
17 r=(p2/p1)^(1/g);

18 // Also (T2/T1)=(V1/V2) ˆ( g−1)
19 // (V1/V2)=r
20 T2=T1*r^(g-1);

21

22 // Apply ing gas laws to p o i n t s 1 and 2
23 //p1V1/T1=p2V2/T2
24 V2=T2/T1*p1/p2*V1;

25

26 // heat s u pp l i e d dur ing p r o c e s s 2−3 , Qs=mCv(T3−T2)
27 R=287;

28 m=p1 *10^5* V1/R/T1;

29 Cv=R/1000/(g-1);

30 T3=Qs/m/Cv+T2;

31

32 // f o r c on s t an t volume p r o c e s s 2−3
33 //p3/T3=p2/T2
34 p3=p2/T2*T3;

35 V3=V2;

36

37 // f o r a d i a b a t i c expans i on 3−4
38 //p3 (V3ˆgamma)=p4 (V4ˆgamma)
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39 // (V4/V3)=r
40 p4=p3*(1/r)^(g);

41 // Also T3/T4)=(V4/V3) ˆ( g−1)
42 // (V4/V3)=r
43 T4=T3/r^(g-1);

44 V4=V1;

45

46 // p e r c en t a g e c l e a r a n c e , pc=Vc/Vs=V2/(V1−V2)
47 pc=V2/(V1-V2)*100;

48

49 // heat r e j e c t e d per cy c l e , Qr=Cv∗ (T4−T1)
50 Qr=m*Cv*(T4 -T1);

51

52 // Air s tandard e f f i c i e n c y o f o t t o c y c l e ETAotto=(Qs−
Qr ) /Qs

53 ETAotto =(Qs-Qr)/Qs;

54 // A l t e r n a t i v e l y
55 //ETAotto=1−1/( r ) ˆ( g−1)
56 ETAotto =1-1/(r)^(g-1);

57

58 //mean e f f e c t i v e p r e s s u r e , Pm=W/Vs
59 W=Qs -Qr; //work done per kg

o f a i r
60 Vs=V1-V2;

61 Pm=W*10^3/10^5/ Vs;

62

63 // power deve loped , P=work done per c y c l e ∗no . o f
c y c l e s per s

64 P=W*(wc/60);

65

66 printf( ’ ( i ) The Pre s su r e , Temperature and Volumes
at s a l i e n t p o i n t s i n the c y c l e a r e : \ n ’ );

67 printf( ’ At po i n t 1 a r e : \ n ’ );
68 printf( ’ p1 :%1 . 1 f bar . \ n ’ ,p1);
69 printf( ’ V1 :%1 . 2 f mˆ3 .\ n ’ ,V1);
70 printf( ’ T1 :%3 . 0 f K. \ n ’ ,T1);
71 printf( ’ At po i n t 2 a r e : \ n ’ );
72 printf( ’ p2 :%2 . 2 f bar . \ n ’ ,p2);
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73 printf( ’ V2 :%1 . 3 f mˆ3 .\ n ’ ,V2);
74 printf( ’ T2 :%3 . 0 f K. \ n ’ ,T2);
75 printf( ’ At po i n t 3 a r e : \ n ’ );
76 printf( ’ p3 :%2 . 2 f bar . \ n ’ ,p3);
77 printf( ’ V3 :%1 . 3 f mˆ3 .\ n ’ ,V3);
78 printf( ’ T3 :%4 . 0 f K. \ n ’ ,T3);
79 printf( ’ At po i n t 4 a r e : \ n ’ );
80 printf( ’ p4 :%1 . 2 f bar . \ n ’ ,p4);
81 printf( ’ V4 :%1 . 2 f mˆ3 .\ n ’ ,V4);
82 printf( ’ T4 :%3 . 1 f K. \ n ’ ,T4);
83 printf( ’ ( i i ) The Pe r c en tage c l e a r a n c e i s : %2 . 2 f

p e r c en t . \n ’ ,pc);
84 printf( ’ ( i i i ) The Air s tandard e f f i c i e n c y o f the

c y c l e i s : %1 . 3 f o r %2 . 1 f p e r c en t . \n ’ ,ETAotto ,(
ETAotto *100));

85 printf( ’ ( i v ) The Mean e f f e c t i v e p r e s s u r e i s : %1 . 3 f
bar . \n ’ ,Pm);

86 printf( ’ ( v ) The Power deve l oped i s : %3 . 1 f kW. ’ ,P);
87

88 //NOTE:
89 // t h e r e i s s l i g h t v a r i a t i o n i n answers i n the book

because o f round ing o f f o f the v a l u e s

Scilab code Exa 5.17 Example 17

1 clc

2 clear

3 //DATA GIVEN
4 r=15; // compre s s i on r a t i o
5 //V3−V2=a /100∗Vs . . . . . . . . . . . . Vs=s t r o k e volume=V1−V2
6 //V3=1.84V2
7 c=6; // heat a dd i t i o n t ak e s

p l a c e at ’ a ’ p e r c e n t o f s t r o k e
8 // f o r a i r , gamma=1.4
9 g=1.4;
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10

11 // Air s tandard e f f i c i e n c y o f d i e s e l c y c l e ETAdiese l
=1−[1/( r ) ˆ( g−1) ] [ ( rho ˆg−1) /( rho−1) ]

12 // rho=cut o f f r a t i o=V3/V2
13 rho=c/100*(r-1) +1;

14 ETAdiesel =1-[1/g/(r)^(g-1) ]*[( rho^g-1)/(rho -1)];

15

16 printf( ’ The Air s tandard e f f i c i e n c y o f d i e s e l c y c l e
i s : %1 . 3 f or %2 . 1 f p e r c en t . \n ’ ,ETAdiesel ,(

ETAdiesel *100));

Scilab code Exa 5.18 Example 18

1 clc

2 clear

3 //DATA GIVEN
4 L=0.25; // s t r o k e o f the

eng i n e i n m
5 D=0.15; // d iamete r o f

c y l i n d e r i n m
6 V2 =0.0004; // c l e a r a n c e

volume in mˆ3
7 Vs=(%pi/4)*D^2*L; // swept volume in

mˆ3
8 Vt=Vs+V2; // t o t a l c y l i n d e r

volume in mˆ3
9 c=5; // f u e l i n j e c t i o n

t a k e s p l a c e at ’ c ’ p e r c e n t o f s t r o k e
10 V3=V2+c/100*Vs; // volume at po i n t

o f cut−o f f i n mˆ3
11 rho=V3/V2; // cut−o f f r a t i o
12 r=(Vs+V2)/V2; // compre s s i on

r a t i o
13

14 // f o r a i r , gamma=1.4
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15 g=1.4;

16

17 // Air s tandard e f f i c i e n c y o f d i e s e l c y c l e ETAdiese l
=1−[1/( r ) ˆ( g−1) ] [ ( rho ˆg−1) /( rho−1) ]

18 ETAdiesel =1-[1/g/(r)^(g-1) ]*[( rho^g-1)/(rho -1)];

19

20 printf( ’ The E f f i c i e n c y o f d i e s e l e ng i n e i s : %1 . 3 f
o r %2 . 1 f p e r c en t . \n ’ ,ETAdiesel ,( ETAdiesel *100));

Scilab code Exa 5.19 Example 19

1 clc

2 clear

3 //DATA GIVEN
4 r=14; // compre s s i on r a t i o
5 // f u e l cut−o f f i s d e l ayed from 5−8%
6 // f o r a i r , gamma=1.4
7 g=1.4;

8

9 //when f u e l i s cut−o f f a t 5%
10 c1=5;

11 rho1=c1 /100*(r-1)+1;

12 // E f f i c i e n c y o f d i e s e l e ng i n e ETAdiese l =1−[1/( r ) ˆ( g
−1) ] [ ( rho ˆg−1) /( rho−1) ]

13 ETAdiesel1 =1-[1/g/(r)^(g-1) ]*[( rho1^g-1)/(rho1 -1)];

14

15 //when f u e l i s cut−o f f a t 8%
16 c2=8;

17 rho2=c2 /100*(r-1)+1;

18 // E f f i c i e n c y o f d i e s e l e ng i n e ETAdiese l =1−[1/( r ) ˆ( g
−1) ] [ ( rho ˆg−1) /( rho−1) ]

19 ETAdiesel2 =1-[1/g/(r)^(g-1) ]*[( rho2^g-1)/(rho2 -1)];

20

21 ETAloss =( ETAdiesel1 -ETAdiesel2)*100;

22
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23 printf( ’ The Pe r c en tage l o s s i n e f f i c i e n c y due to
de l ay i n f u e l cut−o f f i s : %1 . 1 f p e r c en t . \n ’ ,
ETAloss);

Scilab code Exa 5.20 Example 20

1 clc

2 clear

3 //DATA GIVEN
4 Pm=7.5; //mean e f f e c t i v e

p r e s s u r e i n bar
5 r=12.5; // compre s s i on r a t i o
6 p1=1; // i n i t i a l p r e s s u r e i n

bar
7

8 // f o r a i r , gamma=1.4
9 g=1.4;

10

11 //mean e f f e c t i v e p r e s s u r e , Pm=p1∗ r ˆg ∗ [ g ∗ ( rho−1)−r
ˆ(1−g ) ∗ ( rho ˆg−1) ] / [ ( g−1) ∗ ( r−1) ]

12 //we get , 0 . 3 4 6 ( rho ) ˆ1 .4 −1 .4 ( rho ) +2.04
13 //By t r i a l and e r r o r method , we ge t
14 rho =2.24;

15

16 co=(rho -1)/(r-1) *100; //% cut−o f f
17

18 printf( ’ The Pe r c en tage cut−o f f o f the c y c l e i s : %2
. 2 f p e r c en t . \n ’ ,co);

Scilab code Exa 5.21 Example 21

1 clc

2 clear
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3 //DATA GIVEN
4 D=0.2; // bore o f the

eng i n e i n m
5 L=0.3; // s t r o k e o f the

eng i n e i n m
6 p1=1; // i n i t i a l

p r e s s u r e i n bar
7 T1 =27+273; // i n i t i a l

t empera tu re i n K
8 c=8; // cut−o f f % o f

s t r o k e volume
9 r=15; // compre s s i on

r a t i o
10 wc=380; //no . o f c y c l e s

per s
11

12 Vs=(%pi/4)*D^2*L; // swept volume in
mˆ3

13 V1=Vs *(1+1/(r-1)); // i n mˆ3
14 // f o r a i r , gamma=1.4
15 g=1.4;

16

17 R=287;

18 m=p1 *10^5* V1/R/T1; //mass o f a i r i n
the c y l i n d e r i n kg/ c y c l e

19

20 // f o r a d i a b a t i c p r o c e s s 1−2
21 //p1 (V1ˆgamma)=p2 (V2ˆgamma)
22 //p2=p1 ∗ (V1/V2) ˆg
23 //where , (V1/V2)=r
24 p2=p1*(r^g); //

p r e s s u r e at 2 i n bar
25 // Also (T2/T1)=(V1/V2) ˆ( g−1)
26 // (V1/V2)=r
27 T2=T1*r^(g-1);

28 V2=Vs/(r-1);

29 Vc=V2;

30 p3=p2;
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31

32 // cut−o f f r a t i o , c=(rho−1) /( r−1)
33 rho=c/100*(r-1) +1;

34 V3=rho*V2;

35 // a l t e r n a t i v e l y
36 V3=c/100*Vs+Vc;

37

38 // f o r c on s t an t p r e s s u r e p r o c e s s 2−3
39 //V3/T3=V2/T2
40 T3=T2/V2*V3;

41

42 // f o r i s e n t r o p i c p r o c e s s 3−4
43 //p3 (V3ˆgamma)=p4 (V4ˆgamma)
44 // (V4/V)=V4/V2∗V2/V3=V1/V2∗V2/V3=r / rho
45 p4=p3*(( rho/r)^g);

46 // Also (T4/T3)=(V3/V4) ˆ( g−1)
47 // (V4/V)=V4/V2∗V2/V3=V1/V2∗V2/V3=r / rho
48 T4=T3*(( rho/r)^(g-1));

49 V4=V1;

50

51 // Air s tandard e f f i c i e n c y o f d i e s e l c y c l e ETAdiese l
=1−[1/( r ) ˆ( g−1) ] [ ( rho ˆg−1) /( rho−1) ]

52 ETAdiesel =1-[1/g/(r)^(g-1) ]*[( rho^g-1)/(rho -1)];

53

54 //mean e f f e c t i v e p r e s s u r e , Pm=p1∗ r ˆg ∗ [ g ∗ ( rho−1)−r
ˆ(1−g ) ∗ ( rho ˆg−1) ] / [ ( g−1) ∗ ( r−1) ] ;

55 Pm=p1*r^g*[g*(rho -1)-r^(1-g)*(rho^g-1) ]/[(g-1)*(r-1)

];

56

57 P=Pm *10^5* Vs /10^3*( wc/60); //Power o f
the eng i n e i n kW

58

59 printf( ’ ( i ) The Pre s su r e , Temperature and Volumes
at s a l i e n t p o i n t s i n the c y c l e a r e : \ n ’ );

60 printf( ’ At po i n t 1 a r e : \ n ’ );
61 printf( ’ p1 :%1 . 1 f bar . \ n ’ ,p1);
62 printf( ’ V1 :%1 . 4 f mˆ3 .\ n ’ ,V1);
63 printf( ’ T1 :%3 . 0 f K. \ n ’ ,T1);
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64 printf( ’ At po i n t 2 a r e : \ n ’ );
65 printf( ’ p2 :%2 . 2 f bar . \ n ’ ,p2);
66 printf( ’ V2 :%1 . 7 f mˆ3 .\ n ’ ,V2);
67 printf( ’ T2 :%3 . 1 f K. \ n ’ ,T2);
68 printf( ’ At po i n t 3 a r e : \ n ’ );
69 printf( ’ p3 :%2 . 2 f bar . \ n ’ ,p3);
70 printf( ’ V3 :%1 . 6 f mˆ3 .\ n ’ ,V3);
71 printf( ’ T3 :%4 . 1 f K. \ n ’ ,T3);
72 printf( ’ At po i n t 4 a r e : \ n ’ );
73 printf( ’ p4 :%1 . 3 f bar . \ n ’ ,p4);
74 printf( ’ V4 :%1 . 4 f mˆ3 .\ n ’ ,V4);
75 printf( ’ T4 :%3 . 2 f K. \ n ’ ,T4);
76 printf( ’ ( i i ) The T h e o r i t i c a l a i r s t andard

e f f i c i e n c y o f d i e s e l c y c l e i s : %1 . 3 f or %2 . 1 f
p e r c en t . \n ’ ,ETAdiesel ,( ETAdiesel *100));

77 printf( ’ ( i i i ) The Mean e f f e c t i v e p r e s s u r e i s : %1 . 3 f
bar . \n ’ ,Pm);

78 printf( ’ ( i v ) The Power deve l oped i s : %2 . 2 f kW. ’ ,P);
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Chapter 6

Steam Boilers

Scilab code Exa 6.1 Example 1

1 clc

2 clear

3 //DATA GIVEN
4 LCV =44700; //LCV o f f u e l i n kJ
5 afrn =20; // a i r p a r t s =20 in a i r f u e l

mixture
6 afrd =1; // f u e l p a r t s=1 in a i r f u e l

mixture
7 Cpg =1.08; // avg s p e c i f i c heat i n kJ/

kgK
8 T1 =38+273; // b o i l e r room temp . i n K
9

10 // heat o f combust ion=heat o f g a s e s
11 // 1∗44700=Mg∗Cpg∗ (T2−T1)
12 T2=afrd*LCV/(afrn+afrd)/Cpg+T1;

13

14 printf( ’ The Maximum temp . T2 a t t a i n e d in the
f u r n a c e o f the b o i l e r i s : \ n %5 . 0 f Ke lv in ’ ,T2);

15 printf( ’ o r %5 . 0 f d e g r e e c e l s i u s . \ n ’ ,(T2 -273));
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Scilab code Exa 6.2 Example 2

1 clc

2 clear

3 //DATA GIVEN
4 Ms=5.4; //mass o f steam used in kg/

kWh
5 p=50; // p r e s s u r e o f steam in bar
6 Tsup =350; // temp . o f steam in deg

c e l s i u s
7 eta =82; // b o i l e r e f f i c i e n c y i n %
8 Tfw =150; // f e e d water temp . i n deg c e l

; s i u s
9 C=28100; // c a l o r i f i c va l u e o f c o a l i n

kJ
10 rate =500; // c o s t o f c o a l / tonne i n Rs
11

12 // b o i l e r e f f i c i e n c y i s g i v en by , e t a=Ms∗ ( hsup−h f1 ) /(
Mf∗C)

13 // from steam tab l e , a t 45 bar and 350 deg c e l s i u s ,
hsup =3068.4 kJ/kg

14 h=3068.4; // en tha lpy at
45 bar and 350 deg c e l s i u s

15 hf1 =4.18*(Tfw -0); // h f1 at 150
deg c e l s i u s i n kJ/kg

16

17 // subs . t h e s e i n eq . o f b o i l e r e f f i c i e n c y
18 Mf=Ms*(h-hf1)/((eta /100)*C); //mass o f c o a l

r e q u i r e d i n kg/kWh
19 cost=(Mf /1000)*rate *100; // c o s t o f c o a l

i n p a i s a /kWh
20

21 printf( ’ ( i ) The mass o f c o a l r e q u i r e d i s : %5 . 3 f kg
/kWh. \n ’ ,Mf);
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22 printf( ’ ( i i ) The Tota l c o s t o f f u e l ( c o a l ) i s : %2 . 1
f p a i s a /kWh. \n ’ ,cost);

23

24 //NOTE: i n t e x t book
25 // i n qu e s t i o n p r e s s u r e i s g i v en as =50 bar
26 // but from steam t a b l e en tha lpy i s found at 45 bar

Scilab code Exa 6.3 Example 3

1 clc

2 clear

3 //DATA GIVEN
4 Mc =1250; // quan t i t y o f c o a l i n kg

consumed in 24 hours
5 Mw =13000; //mass o f water

evapo ra t ed i n kg
6 MEPs =7; //mean e f f e c t i v e p r e s s u r e

o f steam in bar
7 Tfw =40; // f e e d water temp . i n deg

c e l s i u s
8 h=2570.7; // en tha lpy o f steam at 7

bar i n kJ/kg
9 C=30000; // c a l o r i f i c va l u e o f c o a l

i n kJ/kg
10

11 Ma=Mw/Mc; //mass o f water a c t u a l l y
evapo ra t ed per kg o f f u e l

12 hf1 =4.18*(Tfw -0);

13 hfg =2257; // i n kJ/kg
14 Me=Ma*(h-hf1)/hfg; // i n kg
15 eta=Ma*(h-hf1)/C; // b o i l e r e f f i c i e n c y
16

17 printf( ’ ( i ) The e q u i v a l e n t e v apo r a t i o n per kg o f
coa l , Me i s : %5 . 3 f kg . \n ’ ,Me);

18 printf( ’ ( i i ) The e f f i c i e n c y o f b o i l e r , e t a i s : %1
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. 3 f o r %2 . 1 f p e r c en t . ’ ,eta ,eta *100);

Scilab code Exa 6.4 Example 4

1 clc

2 clear

3 //DATA GIVEN
4 p=12; //mean steam p r e s s u r e i n

bar
5 Ms =40000; //mass o f steam gene r a t ed

i n kg
6 x=0.85; //mean d ryne s s f r a c t i o n
7 Tfw =30; //mean f e e d water temp . i n

deg c e l s i u s
8 Mc =4000; //mass o f c o a l used i n kg
9 C=33400; // c a l o r i f i c va l u e o f c o a l

i n kJ/kg
10

11 // from steam tab l e , c o r r e s p ond i n g to 12 bar ,
12 hf =798.4; // i n kJ/kg
13 hfg =1984.3; // i n kJ/kh
14 h=hf+x*hfg; // i n k j /kg
15 hf1 =4.18*(Tfw -0); // heat o f f e e d water i n kJ/

kg
16

17 Fe=(h-hf1)/2257; // f a c t o r o f e q u i v a l e n t
evapo ra t i on , Fe

18 Ma=Ms/Mc; // per kg o f f u e l
19 Me=Ma*(h-hf1)/2257; // ( kg o f steam ) /( kg o f f u e l

)
20 eta=Ma*(h-hf1)/C; // e f f i c i e n c y o f b o i l e r
21

22 printf( ’ ( i ) The Facto r o f e q u i v a l e n t temerature , Fe
i s : %5 . 3 f \n ’ ,Fe);

23 printf( ’ ( i i ) The Equ i va l en t e v apo r a t i o n from and
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at 100 deg c e l s i u s , Me i s : %5 . 2 f ( kg o f steam ) /(
kg o f c o a l ) . \ n ’ ,Me);

24 printf( ’ ( i i i ) The E f f i c i e n c y o f b o i l e r i s : %5 . 4 f ’ ,
eta);

25 printf( ’ o r %5 . 2 f p e r c en t . \n ’ ,eta *100);

Scilab code Exa 6.5 Example 5

1 clc

2 clear

3 //DATA GIVEN
4 M=18000; //mass o f steam gene r a t ed i n

kg/ hr
5 p=12.5; // steam p r e s s u r e i n bar
6 x=0.97; // q u a l i t y o f steam
7 Tfw =105; // f e e d water temp . i n deg

c e l s i u s
8 Mf =2040; // r a t e o f c o a l f i r i n g i n kg/

hr
9 C=27400; // h i g h r e r c a l o r i f i c va l u e (

HCV) o f c o a l i n kJ/kg
10

11 // from steam tab l e , c o r r e s p ond i n g to 1 2 . 5 bar ,
12 hf =806.7; // i n kJ/kg
13 hfg =1977.4; // i n kJ/kg
14 h=hf+x*hfg; // i n kJ/kg
15 hf1 =4.18*(Tfw -0); // heat o f f e e d water i n kJ/

kg
16

17 // heat r a t e o f the b o i l e r = heat s u pp l i e d per hour
18 heatrate=M*(h-hf1) // heat r a t e o f b o i l e r
19 Ma=M/Mf; // i n kg per kg o f f u e l
20 Me=Ma*(h-hf1)/2257; // ( kg o f steam ) /( kg o f f u e l )
21 eta=Ma*(h-hf1)/C; // therma l e f f i c i e n c y
22
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23 printf( ’ ( i ) The Heat r a t e o f b o i l e r i s : %1 . 4 e kJ/h .
\n ’ ,heatrate);

24 printf( ’ ( i i ) The Equ i va l en t evapo ra t i on , Me i s : %5
. 3 f ( kg o f steam ) /( kg o f f u e l ) . \n ’ ,Me);

25 printf( ’ ( i i i ) The Thermal e f f i c i e n c y i s : %5 . 4 f ’ ,eta
);

26 printf( ’ o r %5 . 2 f p e r c en t . \n ’ ,eta *100);

Scilab code Exa 6.6 Example 6

1 clc

2 clear

3 //DATA GIVEN
4 Mw =5940; //mass o f water evapo ra t ed kg/ hr
5 Mc=675; //mass o f c o a l burnt i n kg/ hr
6 C=31600; // l owe r c a l o r i f i c va l u e (LCV) o f

c o a l i n kJ/kg
7 p1=14; // p r e s s u r e o f steam at b o i l e r

s t op va l v e i n bar
8 Te1 =32; // temp . o f f e e d water e n t e r i n g

e conomi s e r i n deg c e l s i u s
9 Te2 =115; // temp . o f f e e d water l e a v i n g

e conomi s e r i n deg c e l s i u s
10 x=0.96; // d ryne s s f r a c t i o n o f steam

e n t e r i n g s up e r h e a t e r
11 Tsup =260; // temp . o f steam l e a v i n g

s up e r h e a t e r i n deg c e l s i u s
12 Cp=2.3 // s p e c i f i c heat o f s upe rh ea t ed

steam
13

14 hf1 =4.18*(Te2 -Te1); // heat
u t i l i s e d by 1 kg o f f e e d water i n e conomi s e r

15 // from steam tab l e , c o r r e s p ond i n g to 14 bar ,
16 Ts=195;

17 hf =830.1;
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18 hfg =1957.7;

19 hboiler =(hf+x*hfg)-hf1; // heat
u t i l i s e d by 1 kg o f f e e d water i n b o i l e r

20 hsuperheater =(1-x)*hfg+Cp*(Tsup -Ts); // heat
u t i l i s e d by 1 kg o f f e e d water i n s up e r h e a t e r

21 Ma=Mw/Mc; // i n kg per
kg o f f u e l

22 Pe=hf1/C*Ma*100; //% o f heat
u t i l i s e d i n e conomi s e r

23 Pb=hboiler/C*Ma *100; //% o f heat
u t i l i s e d i n b o i l e r

24 Ps=hsuperheater/C*Ma*100; //% o f heat
u t i l i s e d i n s up e r h e a t e r

25 htotal=hf1+hboiler+hsuperheater; // t o t a l heat
absorbed in kg o f water

26 eta=Ma*htotal/C; // o v e r a l l
e f f i c i e n c y o f b o i l e r p l an t

27

28 printf( ’ ( i ) The Pe r c en tage o f heat u t i l i s e d i n
Economiser i s : %5 . 2 f p e r c en t . \ n ’ ,Pe);

29 printf( ’ The Pe r c en tage o f heat u t i l i s e d i n
B o i l e r i s : %5 . 2 f p e r c en t . \ n ’ ,Pb);

30 printf( ’ The Pe r c en tage o f heat u t i l i s e d i n
Supe rh ea t e r i s : %5 . 2 f p e r c en t . \ n ’ ,Ps);

31 printf( ’ ( i i ) The Ove r a l l E f f i c i e n c y o f b o i l e r p l an t
i s : %5 . 4 f ’ ,eta);

32 printf( ’ o r %5 . 2 f p e r c en t . \n ’ ,eta *100);

Scilab code Exa 6.7 Example 7

1 clc

2 clear

3 //DATA GIVEN
4 C=29915; // c a l o r i f i c va l u e o f c o a l i n kJ/

kg
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5 Mw=9.1; //mass o f f e e d water per kg o f
dry c o a l i n kg

6 Me=9.6; // e q u i v a l e n t e v apo r a t i o n fraom
and at 100 deg c e l s i u s per kg o f dry c o a l i n kg

7 Te=12; // temp . o f f e e d water to
e conomi s e r i n deg c e l s i u s

8 Tb=105; // temp . o f f e e d water to b o i l e r
i n deg c e l s i u s

9 Ta=13; // temp . o f a i r
10 Tfg =370; // temp . o f f l u e g a s e s e n t e r i n g

e conomi s e r
11 Mfg =18.2; //mass o f f l u e g a s e s e n t e r i n g

e conomi s e r per kg o f c o a l
12 Cp =1.046; //mean s p e c i f i c heat o f f l u e

g a s e s
13

14 hb=Me *2257; // heat s u pp l i e d f o r steam
g en e r a t i o n i n kJ

15 ETAb=hb/C; // b o i l e r e f f i c i e n c y
16 hflue=Mfg*Cp*(Tfg -Ta); // heat i n the f l u e ga s e

per kg o f dry c o a l e n t e r i n g e conomi s e r
17 he=Mw *4.184*(Tb-Te); // heat u t i l i s e d i n

e conomi s e r
18 ETAe=he/hflue; // e conomi s e r e f f i c i e n c y
19 htotal=hb+he; // t o t a l heat absorbed i n

kg o f water
20 ETA=htotal/C; // b o i l e r p l an t e f f i c i e n c y
21

22 printf( ’ ( i ) The B o i l e r e f f i c i e n c y i s : %5 . 3 f ’ ,ETAb)
;

23 printf( ’ o r %2 . 1 f p e r c en t . \n ’ ,ETAb *100);
24 printf( ’ ( i i ) The Economiser e f f i c i e n c y i s : %5 . 3 f ’ ,

ETAe);

25 printf( ’ o r %2 . 2 f p e r c en t . \n ’ ,ETAe *100);
26 printf( ’ ( i i i ) The Ove r a l l E f f i c i e n c y o f b o i l e r p l an t

i s : %5 . 3 f ’ ,ETA);
27 printf( ’ o r %2 . 1 f p e r c en t . \n ’ ,ETA *100);
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Scilab code Exa 6.8 Example 8

1 clc

2 clear

3 //DATA GIVEN
4 Ms =2000; // r a t e o f steam produc t i on i n kg

/ hr
5 x=1; // q u a l i t y o f steam
6 p=10; // steam p r e s s u r e i n bar
7 Tfw =110; // f e e d water temp . i n deg

c e l s i u s
8 Mf=225; // r a t e o f c o a l f i r i n g i n kg/ hr
9 C=30100; // c a l o r i f i c va l u e o f c o a l i n kJ/

kg
10 Puc =10; //% o f unburnt c o a l
11

12 // from steam tab l e , c o r r e s p ond i n g to 10 bar ,
13 h=2776.2; // i n kJ/kg
14 hf1 =4.18*(Tfw -0); // heat c on t a i n ed in 1kg

o f f e e d water b e f o r e e n t e r i n g b o i l e r i n kJ/kg
15 htotal=h-hf1 // t o t a l heat g i v en to

produce 1 kg o f steam in b o i l e r i n kJ/kg
16 Mc=Mf*(100- Puc)/100; //mass o f c o a l a c t u a l l y

burnt i n kg
17 Ma=Ms/Mc; // ( kg o f steam ) /( kg o f

f u e l )
18 ETAb=Ma*(h-hf1)/C; // therma l e f f i c i e n c y o f

b o i l e r
19 ETAc=(Ms/Mf)*(h-hf1)/C; // therma l e f f i c i e n c y o f

b o i l e r and g r a t e combined
20

21 printf( ’ ( i ) The Thermal e f f i c i e n c y o f the b o i l e r i s
: %5 . 3 f ’ ,ETAb);

22 printf( ’ o r %5 . 2 f p e r c en t . \n ’ ,ETAb *100);
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23 printf( ’ ( i i ) The Thermal e f f i c i e n c y o f the b o i l e r
and g r a t e combined i s : %5 . 3 f ’ ,ETAc);

24 printf( ’ o r %5 . 2 f p e r c en t . \n ’ ,ETAc *100);

Scilab code Exa 6.9 Example 9

1 clc

2 clear

3 //DATA GIVEN
4 Ma=7.5; //mass o f steam gene r a t ed per kg

o f c o a l
5 p=11; // steam p r e s s u r e i n bar
6 Tfw =70; // temp . o f f e e d water temp . i n

deg c e l s i u s
7 eta =75; // e f f i c i e n c y o f b o i l e r i n %
8 Fe =1.15; // f a c t o r o f e v apo r a t i o n
9 Cps =2.3; // s p e c i f i c heat o f steam in kJ/

kgK
10

11 // from steam tab l e , c o r r e s p ond i n g to 11 bar ,
12 hf =781.4; // i n kJ/kg
13 hfg =1998.5; // i n kJ/kg
14 Ts =184.1+273; // i n K
15 hf1 =4.18*(Tfw -0);

16

17 // Facto r o f evapo ra t i on , Fe=[{ h f+hfg+Cps ∗ ( Tsup−Ts )}−
h f1 ] / 2257

18 Tsup=[Fe *2257+hf1 -hf-hfg]/Cps+Ts; //Tsup in K
19 x=(Tsup -Ts); // deg r e e o f

s up e rh ea t i n deg . c e l s i u s
20

21 // B o i l e r e f f i c i e n c y e t a=Ma∗ ( h−h f1 ) /C;
22 h=[hf+hfg+Cps*(Tsup -Ts)];

23 C=Ma*(h-hf1)/(eta /100); // c a l o r i f i c
va l u e o f c o a l i n kJ/kg
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24 Me=Ma*(h-hf1)/2257; //
Equ i va l en t e v apo r a t i o n im kg

25

26 printf( ’ ( i ) The Temperature o f steam gene r a t i on ,
Tsup i s : %5 . 1 f K\n ’ ,Tsup);

27 printf( ’ The Degree o f s up e rh ea t i s : %5 . 1 f deg
c e l s i u s . \ n ’ ,x);

28 printf( ’ ( i i ) The c a l o r i f i c va l u e o f coa l , C i s : %5
. 0 f kJ/kg . \n ’ ,C);

29 printf( ’ ( i i i ) The Equ i va l en t evapo ra t i on , Me i s : %5
. 3 f kg . \n ’ ,Me);

Scilab code Exa 6.10 Example 10

1 clc

2 clear

3 //DATA GIVEN
4 p=13; // steam p r e s s u r e i n bar
5 ds=77; // deg r e e o f s up e rh ea t i n

deg . c e l s i u s
6 Tfw =85; // temp . o f f e e d water i n

deg . c e l s i u s
7 Mw =3000; //mass o f water

evapo ra t ed i n kg/ hr
8 Mc=410; // c o a l f i r e d
9 Mash =40; //mass o f ash i n kg/ hr
10 Pca =9.6; //% o f c ombus t i b l e i n

ash
11 Pm=4.5; //% o f mo i s tu r e i n c o a l
12 C=30500; // c a l o r i f i c vaa lu e o f

dry c o a l per kg
13 Cps =2.1; // s p e c i f i c heat o f

s upe rh ea t ed steam in kJ/kgK
14

15
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16 // from steam tab l e , c o r r e s p ond i n g to 13 bar ,
17 hf =814.7; // i n kJ/kg
18 hfg =1970.7; // i n kJ/kg
19 Ts =191.6; // i n deg . s e l s i u s
20 h=hf+hfg+Cps*(ds);

21 hf1 =4.18*(Tfw -0);

22 htotal=h-hf1; // t o t a l heat s u pp l i e d to
produce 1 kg o f steam

23

24 Mc1=Mc*(1-Pm/100); //mass o f dry c o a l i n kg
25 Ma=Mw/Mc1;

26 ETAb=Ma*(h-hf1)/C; // e f f i c i e n c y o f b o i l e r
p l an t i n c l u d i n g s up e r h e a t e r

27

28 Mcom=Mash*Pca /100; //Mass o f c ombus t i b l e i n
ash per hr

29 // the combus t i b l e p r e s e n t i n ash i s p r a c t i c a l l y
carbon and i t s va l u e may be taken as 338/60 kJ/kg

30 // heat a c t u a l l y s u pp l i e d pr hr=heat o f dry coa l−heat
o f c ombus t i b l e i n ash

31 Hsupp=Mc1*C-Mcom *33860; // heat a c t u a l l y s u pp l i e d
pr hr

32 Huse=Mw*(h-hf1); // heat u s e f u l l y u t i l i s e d
i n b o i l e r pr hr

33

34 ETAc=Huse/Hsupp; // e f f i c i e n c y o f b o i l e r
and f u r n a c e combined

35

36 printf( ’ ( i ) The E f f i c i e n c y o f b o i l e r p l an t
i n c l u d i n g s up e r h e a t e r i s : %5 . 3 f o r %2 . 1 f p e r c en t .
\n ’ ,ETAb ,(ETAb *100));

37 printf( ’ ( i i ) The E f f i c i e n c y o f the b o i l e r and
f u r n a c e combined i s : %5 . 3 f o r %2 . 1 f p e r c en t . \n ’ ,
ETAc ,(ETAc *100));
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Scilab code Exa 6.11 Example 11

1 clc

2 clear

3 //DATA GIVEN
4 Ms =5000; //mass o f steam gene r a t ed i n

kg/ hr
5 Mf=700; // r a t e o f c o a l f i r i n g i n kg/

hr
6 C=31402; // h i g h e r c a l o r i f i c va l u e (HCV

) o f c o a l i n kJ/kg
7 x=0.92; // q u a l i t y o f steam
8 p=12; // steam p r e s s u r e i n bar
9 Tfw =45; // f e e d water temp . i n deg

c e l s i u s
10

11 // from steam tab l e , c o r r e s p ond i n g to 12 bar ,
12 hf =798.4; // i n kJ/kg
13 hfg =1984.3; // i n kJ/kg
14 h=hf+x*hfg; // i n kJ/kg
15 hf1 =4.18*(Tfw -0); // heat o f f e e d water i n kJ/

kg
16 Ma=Ms/Mf; // i n kg per kg o f f u e l
17 Me=Ma*(h-hf1)/2257; // ( kg o f steam ) /( kg o f f u e l )
18 eta=Ma*(h-hf1)/C; // therma l e f f i c i e n c y
19

20 printf( ’ ( i ) The Equ i va l en t evapo ra t i on , Me i s : %5 . 3
f ( kg o f steam ) /( kg o f c o a l ) . \n ’ ,Me);

21 printf( ’ ( i i ) The B o i l e r e f f i c i e n c y i s : %5 . 3 f o r %2
. 1 f p e r c en t . \n ’ ,eta ,eta *100);

Scilab code Exa 6.12 Example 12

1 clc

2 clear
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3 //DATA GIVEN
4 hsup =3373.7; // en tha lpy o f steam ( at

100 bar , 5 0 0 deg . c e l s i u s ) i n kJ/kg
5 hf1 =677; // en tha lpy o f f e e d water

( at i n l e t temp . 160 deg . c e l s i u s ) i n kJ/kg
6 hf =1407.65; // enntha lpy o f s a t u r a t e d

l i q u i d at 100 bar i n kJ/kg
7 hg =2724.7; // enntha lpy o f s a t u r a t e d

vapout at 100 bar i n kJ/kg
8 Ms =100000; // r a t e o f steam

g en e r a t i o n i n kg/ hr
9 eta =88; // e f f i c i e n c y o f steam

g en e r a t i o n
10 C=21000; // c a l o r i f i c va l u e o f f u e l

i n kJ/kg
11

12 // e t a=(heat absorbed by steam per hr ) /( heat added by
f u e l pe r hour )

13 m=Ms*(hsup -hf1)/(C*(eta /100)); // f u e l burn ing
r a t e i n kg/ hr

14 htotal=hsup -hf1; // t o t a l heat
s u pp l i e d to steam fo rmat i on

15 Pec=(hf -hf1)/htotal; //% o f heat
absorbed in e conomi s e r

16 Pev=(hg -hf)/htotal; //% o f heat
absorbed in evapo r a t o r

17 Ps=(hsup -hg)/htotal; //% o f heat
absorbed in s up e r h e a t e r

18

19 printf( ’ ( i ) The Fue l burn ing ra t e , m i s : %5 . 1 f kJ/h
. \n ’ ,m);

20 printf( ’ ( i i ) The Pe r c en tage o f heat absorbed i n
e conomi s e r i s : %5 . 4 f o r %5 . 2 f p e r c en t . \ n ’ ,Pec ,(
Pec *100));

21 printf( ’ The Pe r c en tage o f heat absorbed i n
evapo r a t o r i s : %5 . 4 f o r %5 . 2 f p e r c en t . \ n ’ ,Pev ,(
Pev *100));

22 printf( ’ The Pe r c en tage o f heat absorbed i n
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s u p e r h e a t e r i s : %5 . 4 f o r %5 . 2 f p e r c en t . \ n ’ ,Ps ,(Ps
*100));

Scilab code Exa 6.13 Example 13

1 clc

2 clear

3 //DATA GIVEN
4 //BOILER
5 Mw =2060; //mass o f f e e d water
6 Mc=227; //mass o f c o a l s u pp l i e d i n kg/ hr
7 C=30000; // c a l o r i f i c va l u e o f c o a l i n kJ/

kg
8 hs =2750; // en tha lpy o f steam produced i n

kJ/kg
9 hfw =398; // en tha lpy o f f e e d water

10 //ECONOMISER
11 Twin =15; // temp . o f f e e d water e n t e r i n g

e conomi s e r i n deg c e l s i u s
12 Twout =95; // temp . o f f e e d water l e a v i n g

e conomi s e r i n deg c e l s i u s
13 Tgout =18; // a tmosphe r i c temp .
14 Tgin =370; // temp . o f e n t e r i n g f l u e g a s e s
15 Mfg =4075; //mass o f f l u e g a s e s
16 // assuming Cpw and Cpg ,
17 Cpw =4.187;

18 Cpg =1.01;

19

20 ETAb=Mw*(hs-hfw)/(Mc*C);

// e f f i c i e n c y o f
b o i l e r

21 ETAe=Mw*Cpw*(Twout -Twin)/(Mfg*Cpg*(Tgin -Tgout));

// e f f i c i e n c y o f e conomi s e r
22

23 printf( ’ ( i ) The B o i l e r e f f i c i e n c y i s : %5 . 4 f or %2 . 2
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f p e r c e n t . \n ’ ,ETAb ,(ETAb *100));
24 printf( ’ ( i i ) The Economiser e f f i c i e n c y i s : %5 . 3 f o r

%2 . 1 f p e r c en t . \n ’ ,ETAe ,(ETAe *100));

Scilab code Exa 6.14 Example 14

1 clc

2 clear

3 //DATA GIVEN
4 Tfw =50; //mean f e e d water temp . i n deg

c e l s i u s
5 p=5; //mean steam p r e s s u r e i n bar
6 x=0.95; // d ryne s s f r a c t i o n o f steam
7 Mc=600; // c o a l consumption kg/ hr
8 C=30400; // c a l o r i f i c va l u e o f c o a l i n kJ/

kg
9 Ms =4800; // f e e d water s u pp l i e d to b o i l e r

i n kg/ hr
10

11 // from steam tab l e , c o r r e s p ond i n g to 12 bar ,
12 hf =640.1; // i n kJ/kg
13 hfg =2107.4; // i n kJ/kh
14 h=hf+x*hfg; // i n k j /kg
15 hf1 =4.18*(Tfw -0);

16

17 Ma=Ms/Mc; // i n kg per kg o f f u e l
18 Me=Ma*(h-hf1)/2257; // ( kg o f steam ) /( kg o f f u e l )
19

20 printf( ’ The Equ i va l en t e v apo r a t i o n from and at 100
deg c e l s i u s , Me i s : %5 . 3 f ( kg o f steam ) /( kg o f
c o a l ) . \ n ’ ,Me);
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Chapter 7

Internal Combustion Engines

Scilab code Exa 7.1 Example 1

1 clc

2 clear

3 //DATA GIVEN
4 Pmi =6; //mean e f f e c t i v e

p r e s s u r e i n bar
5 N=1000; // eng i n e speed i n R.P .

M.
6 D=0.11; // d iamete r o f p i s t o n

i n m
7 L=0.14; // s t r o k e l e n g t h i n m
8 n=1; //no . o f c y l i n d e r s
9 k=1; // f o r 2− s t r o k e

c y l i n d e r
10

11 //INDICTED POWER , I .P.=(n∗PMI∗ l ∗A∗N∗k ∗10) /6 kW
12 A=(%pi/4)*(D^2);

13 IP=(n*Pmi*L*A*N*k*10) /6;

14

15 printf( ’ The I n d i c t e d Power deve l oped i s : %2 . 1 f kW. ’ ,
IP);
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Scilab code Exa 7.2 Example 2

1 clc

2 clear

3 //DATA GIVEN
4 //L=1.5D
5 n=4; //no . o f c y l i n d e r s
6 P=14.7; // power deve l oped i n

kW
7 N=1000; // eng i n e speed i n R.P .

M.
8 Pmi =5.5; //mean e f f e c t i v e

p r e s s u r e i n bar
9 k=0.5; // f o r 4− s t r o k e

c y l i n d e r
10

11 //INDICTED POWER, I .P.=(n∗PMI∗ l ∗A∗N∗k ∗10) /6 kW
12 //A=( p i /4) ∗Dˆ2 ,
13 //L=1.5D,
14 D=((6*P)/(10*k*N*n*Pmi *1.5*( %pi /4)))^(1/3); //

bore d i amete r i n m
15 L=1.5*D; //

l e n g t h o f s t r o k e i n m
16

17 printf( ’ The Bore d i amete r i s : %5 . 2 f mm. \ n ’ ,(D*1000))
;

18 printf( ’ The Stoke l e n g t h i s : %5 . 2 f mm. \ n ’ ,(L*1000))
;

Scilab code Exa 7.3 Example 3

1 clc

97



2 clear

3 //DATA GIVEN
4 Db=0.6; // d iamete r o f brake

whee l i n m
5 d=0.026; // d iamete r o f rope i n

m
6 W=200; // dead l oad on the

brake i n N
7 S=30; // s p r i n g ba l an c e

r e ad i n g i n N
8 N=450; // eng i n e speed i n R.P .

M.
9

10 // Brake Power , B .P.=(W−S ) ( p i ) (Db+d )N/(60∗1000 ) kW
11 BP=(W-S)*(%pi)*(Db+d)*N/(60*1000);

12

13 printf( ’ The Brake Power , B .P . i s : %2 . 1 f kW. \ n ’ ,BP);

Scilab code Exa 7.4 Example 4

1 clc

2 clear

3 //DATA GIVEN
4 T=175; // to rque due to brake l oad

i n Nm
5 N=500; // eng i n e speed i n R.P .M.
6

7 // Brake Power , BP = (2∗ p i )NT/(60∗1000 ) kW
8 BP = (2*%pi)*N*T/(60*1000);

9

10 printf( ’ The Brake Power , B .P . i s : %4 . 2 f kW. \ n ’ ,BP);

Scilab code Exa 7.5 Example 5
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1 clc

2 clear

3 //DATA GIVEN
4 D=0.3; // bore o f eng i n e

c y l i n d e r i n m
5 L=0.45; // s t r o k e l e n g t h i n m
6 N=300; // eng i n e speed i n R.P .

M.
7 Pmi =6; //mean e f f e c t i v e

p r e s s u r e i n bar
8 NBL =1.5; //Net brake l oad (W−S )

i n kN
9 Db=1.8; // d iamete r o f brake

drum
10 d=0.02; // brake rope d i amete r
11 n=1; //no . o f c y l i n d e r s
12 k=0.5; // f o r 4− s t r o k e

c y l i n d e r
13

14 //INDICTED POWER , I .P.=(n∗PMI∗ l ∗A∗N∗k ∗10) /6 kW
15 A=(%pi/4)*(D^2);

16 IP=(n*Pmi*L*A*N*k*10) /6;

17 BP=NBL*(%pi)*(Db+d)*N/(60);

18 eta=BP/IP; // mechan i ca l
e f f i c i e n c y

19

20 printf( ’ ( i ) The I n d i c t e d Power , I . P . i s : %5 . 2 f kW.
\n ’ ,IP);

21 printf( ’ ( i i ) The Brake Power , B .P . i s : %5 . 2 f kW. \n
’ ,BP);

22 printf( ’ ( i i i ) Mechan ica l e f f i c i e n c y i s : %5 . 4 f or %5
. 2 f p e r c en t . \ n ’ ,eta ,(eta *100));

Scilab code Exa 7.6 Example 6
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1 clc

2 clear

3 //DATA GIVEN
4 D=0.2; // d iamete r o f eng i n e

c y l i n d e r i n m
5 L=0.350; // l e n g t h o f s t r o k e i n

m
6 Pmico =6.5; //mean e f f e c t i v e

p r e s s u r e on cove r s i d e i n bar
7 Pmicr =7; //mean e f f e c t i v e

p r e s s u r e on crank s i d e i n bar
8 N=420; // eng i n e speed i n R.P .

M.
9 Drod =0.02; // d iamete r o f p i s t o n

rod in m
10 W=1370; // dead l oad on the

brake i n N
11 S=145; // s p r i n g ba l an c e

r e ad i n g i n N
12 Db=1.2; // d iamete r o f brake

whee l i n m
13 d=0.02; // d iamete r o f rope i n

m
14 n=1; //no . o f c y l i n d e r s
15 k=0.5; // f o r 4− s t r o k e

c y l i n d e r
16

17 //INDICTED POWER , I .P.=(n∗Pmi∗ l ∗A∗N∗k ∗10) /6 kW
18 Aco=(%pi/4)*(D^2); // a r ea o f

c y l i n d e r om cove r end in mˆ2
19 Acr=(%pi/4)*(D^2-Drod ^2); // a r ea o f

c y l i n d e r om crank end in mˆ2
20 IPco=(n*Pmico*L*Aco*N*k*10) /6; // IP on cove r end

s i d e i n kW
21 IPcr=(n*Pmicr*L*Acr*N*k*10) /6; // IP on crank end

s i d e i n kW
22 IPtotal=IPco+IPcr; // IP t o t a l i n kW
23
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24 // Brake Power , B .P.=(W−S ) ( p i ) (Db+d )N/(60∗1000 ) kW
25 BP=(W-S)*(%pi)*(Db+d)*N/(60*1000);

26

27 eta=BP/IPtotal; // mechan i ca l
e f f i c i e n c y

28

29 printf( ’ Mechan ica l e f f i c i e n c y i s : %5 . 4 f o r %5 . 2 f
p e r c en t . \ n ’ ,eta ,(eta *100));

Scilab code Exa 7.7 Example 7

1 clc

2 clear

3 //DATA GIVEN
4 IP=30; // i n d i c t e d power i n kW
5 BP=26; // Brake Power i n kW
6 N=1000; // eng i n e speed i n R.P .M

.
7 F=0.35; // f u e l per brake power

hour i n kg/BP/h
8 C=43900; // c a l o r i f i c va l u e o f

f u e l used i n kJ/kg
9

10 Fc=F*BP; // f u e l consumption per
hour

11 Mf=Fc /3600;

12 ETAti=IP/(Mf*C); // I n d i c t e d therma l
e f i c i e n c y

13 ETAtb=BP/(Mf*C); // Brake therma l
e f f i c i e n c y

14 ETAm=BP/IP; // Mechan ica l e f f i c i e n c y
15

16 printf( ’ ( i ) The I n d i c t e d therma l e f i c i e n c y i s : %5 . 3
f o r %2 . 1 f p e r c en t . \n ’ ,ETAti ,(ETAti *100));

17 printf( ’ ( i i ) The Brake therma l e f f i c i e n c y i s : %5 . 3 f
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or %2 . 1 f p e r c en t . \n ’ ,ETAtb ,(ETAtb *100));
18 printf( ’ ( i i i ) Mechan ica l e f f i c i e n c y i s : %5 . 3 f or %2

. 1 f p e r c en t . \n ’ ,ETAm ,(ETAm *100));

Scilab code Exa 7.8 Example 8

1 clc

2 clear

3 //DATA GIVEN
4 Db =0.75; // d iamete r o f brake

p u l l e y i n m
5 d=0.05; // d iamete r o f rope i n

m
6 W=400; // dead l oad on the

brake i n N
7 S=50; // s p r i n g ba l an c e

r e ad i n g i n N
8 Fc=4.2; // f u e l consumption i n

kg/ hr
9 N=1000; // r a t ed eng i n e speed

i n R.P .M.
10 C=43900; // c a l o r i f i c va l u e o f

f u e l used i n kJ/kg
11 n=1; //no . o f c y l i n d e r s
12 k=0.5; // f o r 4− s t r o k e

c y l i n d e r
13

14

15 // Brake Power , B .P.=(W−S ) ( p i ) (Db+d )N/(60∗1000 ) kW
16 BP=(W-S)*(%pi)*(Db+d)*N/(60*1000);

17 sfc=Fc/BP; // brake
s p e c i f i c f u e l consumption i n kg/kWhr

18 Mf=Fc /3600;

19 ETAtb=BP/(Mf*C); // Brake
therma l e f f i c i e n c y
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20

21 printf( ’ ( i ) The Brake s p e c i f i c f u e l consumption , s .
f . c ( brake ) i s : %5 . 3 f kg/kWh. \n ’ ,sfc);

22 printf( ’ ( i i ) The Brake therma l e f f i c i e n c y i s : %5 . 3 f
o r %2 . 1 f p e r c en t . \n ’ ,ETAtb ,(ETAtb *100));

Scilab code Exa 7.9 Example 9

1 clc

2 clear

3 //DATA GIVEN
4 n=6; //no . o f c y l i n d e r s
5 D=0.09; // bore o f each

c y l i n d e r i n m
6 L=0.1; // l e n g t h o f s t r o k e i n

m
7 r=7; // compre s s i on r a t i o
8 ETArel =0.55; // r e l a t i v e e f f i c i e n c y
9 Fsc =0.3; // i n d i c a t e d s p e c i f i c

f u e l consumption i n kg/kWh
10 Pmi =8.6; // i n d i c a t e d mean

e f f e c t i v e p r e s s u r e i n bar
11 N=2500; // eng i n e speed i n R.P .

M.
12 k=0.5; // f o r 4− s t r o k e

c y l i n d e r
13

14 // Air s tandard e f f i c i e n c y , ETAair=1−1/( r ˆ(gamma−1) )
15 g=1.4; //gamma o f a i r =1.4
16 ETAair =1-1/(r^(g-1));

17 // I n d i c a t e d therma l e f f i c i e n c y , ETArel=ETAthi/ETAair
;

18 ETAthi=ETArel*ETAair;

19 // I n d i c t e d therma l e f i c i e n c y , ETAthi=IP /(Mf∗C)
20 Mf=Fsc /3600;
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21 // t ak i n g IP=1 ,
22 C=1/( ETAthi*Mf); // c a l o r i f i c va l u e i n

kJ/kg
23 //INDICTED POWER , I .P.=(n∗Pmi∗ l ∗A∗N∗k ∗10) /6 kW
24 A=(%pi/4)*(D^2);

25 IP=(n*Pmi*L*A*N*k*10) /6;

26 Fc=Fsc*IP; // t o t a l f u e l
consumption i n kg/ hr

27

28 printf( ’ ( i ) The C a l o r i f i c va l u e o f coa l , C i s : %5 . 0
f kJ/kg . \n ’ ,C);

29 printf( ’ ( i i ) The Fue l consumption i s : %5 . 2 f kg/h . \
n ’ ,Fc);

30

31 //NOTE:
32 // ans o f c a l o r i f i c va l u e he r e i s exact , wh i l e i n TB

i t s rounded o f f v a l u e

Scilab code Exa 7.10 Example 10

1 clc

2 clear

3 //DATA GIVEN
4 n=4; //no . o f c y l i n d e r s
5 BP=30; // Brake Power i n kW
6 N=2500; // eng i n e speed i n R.P .

M.
7 Pmi =8; //mean e f f e c t i v e

p r e s s u r e i n bar
8 ETAm =0.8; // mechan i ca l

e f f i c i e n c y
9 ETAthb =0.28; // brake therma l

e f f i c i e n c y
10 C=43900; // c a l o r i f i c va l u e o f

f u e l used i n kJ/kg
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11 k=1; // f o r 2− s t r o k e
c y l i n d e r

12

13 // mechan i ca l e f f i c i e n c y , ETAm=BP/IP
14 IP=BP/ETAm;

15 //INDICTED POWER , I .P.=(n∗PMI∗ l ∗A∗N∗k ∗10) /6 kW
16 //L=1.5D,
17 D=((6* IP)/(10*k*N*n*Pmi *1.5*( %pi /4)))^(1/3); //

bore d i amete r i n m
18 L=1.5*D; //

l e n g t h o f s t r o k e i n m
19 // Brake therma l e f f i c i e n c y , ETAtb=BP/(Mf∗C)
20 Mf=BP/( ETAthb*C); //

f u e l consumption i n kg/ hr
21

22 printf( ’ ( i ) The Bore d i amete r i s : %5 . 3 f m or %2 . 0 f
mm. \ n ’ ,D,(D*1000));

23 printf( ’ The Stoke l e n g t h i s : %2 . 0 f mm. \ n ’ ,(L
*1000));

24 printf( ’ ( i i ) The Fue l consumption i s : %5 . 5 f kg/ s or
%3 . 2 f kg/ hr . \n ’ ,Mf ,(Mf *3600));

Scilab code Exa 7.11 Example 11

1 clc

2 clear

3 //DATA GIVEN
4 n=6; //no . o f c y l i n d e r s
5 Pdisp =700; // p i s t o n d i s p per

c y l i n d e r i n cmˆ3
6 P=78; // power deve l oped i n

kW
7 N=3200; // eng i n e speed i n R.P .

M.
8 Mf=27; //mass o f f u e l used i n
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kg/ hr
9 C=44000; // c a l o r i f i c va l u e o f

f u e l used i n kJ/kg
10 afr =12; // a i r f u e l r a t i o
11 Pa=0.9; // i n t a k e a i r p r e s s u r e

i n bar
12 Ta =32+273; // i n t a k e a i r

t emper taure i n K
13 R=0.287; // gas c on s t an t f o r a i r

i n kJ/kgK
14 k=0.5; // f o r 4− s t r o k e

c y l i n d e r
15

16 Ma=afr*Mf; //mass o f
a i r

17 //by eq . pa∗Va=Ma∗R∗Ta
18 Va=Ma*R*Ta/Pa/100; // volume o f

i n t a k e a i r i n mˆ3/ hr
19 Vswept =( Pdisp /10^6)*n*(N/2) *60; // volume

swept i n mˆ3/ hr
20 ETAvol=Va/Vswept; // vo l ume t r i c

e f f i c i e n c y
21

22 // Brake therma l e f f i c i e n c y , ETAbt=brake work/ heat
s u pp l i e d by the f u e l

23 ETAbt=P/(Mf*C/3600);

24 // Brake Power , BP = (2∗ p i )N∗Tb/(60∗1000 ) kW
25 Tb=P*60/(2* %pi*N); // brake

t o rque i n kNm
26

27 printf( ’ ( i ) The Vo lumet r i c e f f i c i e n c y i s : %5 . 3 f or
%5 . 1 f p e r c en t . \n ’ ,ETAvol ,( ETAvol *100));

28 printf( ’ ( i i ) The Brake therma l e f f i c i e n c y i s : %5 . 4
f o r %5 . 2 f p e r c en t . \n ’ ,ETAbt ,(ETAbt *100));

29 printf( ’ ( i i i ) The Brake Torque i s : %5 . 4 f kNm. \n ’ ,
Tb);
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Scilab code Exa 7.12 Example 12

1 clc

2 clear

3 //DATA GIVEN
4 //L=1.5D
5 n=6; //no . o f c y l i n d e r s
6 Vs =1.75; // s t r o k e volume in

l i t r e s
7 IP =26.3; // power deve l oped i n

kW
8 Ne=504; // eng i n e speed i n R.P .

M.
9 Pmi =6; //mean e f f e c t i v e

p r e s s u r e i n bar
10 k=0.5; // f o r 4− s t r o k e

c y l i n d e r
11

12 //INDICTED POWER , I .P.=(n∗PMI∗ l ∗A∗N∗k ∗10) /6 kW
13 //L∗A=Vs
14 Na=IP*6/(n*Pmi*(Vs /10^3)*k*10); // a c t u a l speed

i n R.P .M
15 Fa=Na*n*k; // a c t u a l no . o f

f i r e s i n one minute
16 Fe=Ne*n/2; // expec t ed no .

o f f i r e s i n one minute
17 Fm=Fe-Fa; // m i s f i r e s per

minute
18 Fmavg=Fm/n; // avg . no . o f

t imes each c y l i n d e r m i s f i r e s i n one minute
19

20 printf( ’ The Average no . o f t imes each c y l i n d e r
m i s f i r e s i n one minute i s : %1 . 0 f . \ n ’ ,Fmavg);
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Scilab code Exa 7.13 Example 13

1 clc

2 clear

3 //DATA GIVEN
4 D=0.075; // bore i n m
5 L=0.09; // s t r o k e l e n g t h i n m
6 n=4; //no . o f c y l i n d e r s
7 erar =39/8; // eng i n e to r e a r a x l e

r a t i o =39:8
8 Dw =0.65; // whee l d i amete r with

t y r e f u l l y i n f l a t e d i n m
9 Fc =0.227; // p e t r o l consumption

f o r a d i s t a n c e o f 3 . 2 km at a speed o f 48 km/hr
10 Pmi =5.625; //mean e f f e c t i v e

p r e s s u r e i n bar
11 C=43470; // c a l o r i f i c va l u e o f

f u e l used i n kJ/kg
12 k=0.5; // f o r 4− s t r o k e

c y l i n d e r
13

14 s=48*1000/60; // speed o f c a r i n m/
min

15 // i f Nt r ev a r e made by t y r e per minute , speed=p i ∗Dw
∗Nt

16 Nt=s/(%pi*Dw); //R.P .M.
17 // as eng i n e to r e a r a x l e r a t i o i s 3 9 : 8
18 Ne=erar*Nt; // speed o f e n f i n e

s h a f t i n R.P .M.
19 //INDICTED POWER , I .P.=(n∗PMI∗ l ∗A∗N∗k ∗10) /6 kW
20 A=(%pi/4)*(D^2);

21 IP=(n*Pmi*L*A*Ne*k*10) /6;

22

23 s=s/1000; // speed o f c a r i n km/
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min
24 t=3.2/s; // t ime in min f o r

c o v e r i n g 3 . 2 km
25 // p e t r o l consumption f o r a d i s t a n c e o f 3 . 2 km aat a

speed o f 48 km/hr i s 0 . 2 2 7 kg
26 Mf=Fc/(t*60); // f u e l consumed per

s e c
27 ETAthi=IP/(Mf*C); // I n d i c a t e d f u e l

e f f i c i e n c y
28

29 printf( ’ ( i ) The I n d i c a t e d Power deve l oped i s : %5 . 2 f
kW. \n ’ ,IP);

30 printf( ’ ( i i ) The I n d i c a t e d therma l e f f i c i e n c y i s :
%1 . 3 f or %2 . 1 f p e r c en t . \n ’ ,ETAthi ,( ETAthi *100));

Scilab code Exa 7.14 Example 14

1 clc

2 clear

3 //DATA GIVEN
4 D=0.25; // c y l i n d e r d i amete r i n

m
5 L=0.4; // s t r o k e l e n g t h i n m
6 Pmg =7; // Gross mean e f f e c t i v e

p r e s s u r e i n bar
7 Pmp =0.5; //Pumping mean

e f f e c t i v e p r e s s u r e i n bar
8 N=250; // eng i n e speed i n R.P .

M.
9 NBL =1080; // net l oad on the

brake (W−S ) i n N
10 Db=1.5; // e f f e c t i v e d i amete r

o f the brake i n m
11 Fc=10; // f u e l used per hr i n

kg
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12 C=44300; // c a l o r i f i c va l u e o f
f u e l used i n kJ/kg

13 n=1; //no . o f c y l i n d e r s
14 k=0.5; // f o r 4− s t r o k e

c y l i n d e r
15

16 //INDICTED POWER , I .P.=(n∗PMI∗ l ∗A∗N∗k ∗10) /6 kW
17 Pm=Pmg -Pmp;

18 A=(%pi/4)*(D^2);

19 IP=(n*Pm*L*A*N*k*10) /6;

20 BP=NBL*(%pi)*(Db)*N/(60*1000);

21 ETAm=BP/IP; // mechan i ca l
e f f i c i e n c y

22 Mf=Fc /3600;

23 ETAthi=IP/(Mf*C); // I n d i c a t e d therma l
e f f i c i e n c y

24

25 printf( ’ ( i ) The I n d i c a t e d Power , I . P . i s : %5 . 2 f kW.
\n ’ ,IP);

26 printf( ’ ( i i ) The Brake Power , B .P . i s : %2 . 1 f kW. \n
’ ,BP);

27 printf( ’ ( i i i ) Mechan ica l e f f i c i e n c y i s : %5 . 3 f or %2
. 1 f p e r c en t . \ n ’ ,ETAm ,(ETAm *100));

28 printf( ’ ( i v ) I n d i c a t e d therma l e f f i c i e n c y i s : %5 . 3 f
o r %2 . 1 f p e r c en t . \ n ’ ,ETAthi ,( ETAthi *100));

Scilab code Exa 7.15 Example 15

1 clc

2 clear

3 //DATA GIVEN
4 ETAthb =30; // Brake therma l

e f f i c i e n c y i n %
5 afr =20; // a i r f u e l r a t i o by

we ight
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6 C=41800; // c a l o r i f i c va l u e o f
f u e l used i n kJ/kg

7

8 // Brake therma l e f f i c i e n c y , ETAthb=work produced /
heat s u pp l i e d

9 work=( ETAthb /100)*C; //work produced per kg
o f f u e l

10 //STP c o n d i t i o n s r e f e r to 1 . 0 132 bar and 15 deg
c e l s i u s

11 m=afr; //mass o f a i r per kg
o f f u e l

12 R=287;

13 V=m*R*(15+273) /(1.0132*10^5); // volume o f a i r used
14 // Brake mean e f f e c t i v e p r e s s u r e , Pmb=work done /

c y l i n d e r volume
15 Pmb=(work *1000) /(V*10^5);

16

17 printf( ’ The Brake mean e f f e c t i v e p r e s s u r e , Pmb i s :
%2 . 2 f bar . \ n ’ ,Pmb);

Scilab code Exa 7.16 Example 16

1 clc

2 clear

3 //DATA GIVEN
4 V1 =0.216; // gas consumption i n m

ˆ3/min
5 P1=75; // gas t empera tu re i n

mm o f water
6 T1 =17+273; // gas t emper taure i n K
7 m=2.84; // a i r consumption i n

kg/min
8 Ta =17+273; // a i r t emper taure i n K
9 br=745; // barometer r e ad i n g i n

mm o f Hg
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10 D=0.25; // bore o f eng i n e
c y l i n d e r i n m

11 L=0.475; // s t r o k e l e n g t h i n m
12 N=240; // eng i n e speed i n R.P .

M.
13 R=287; // gas c on s t an t f o r a i r

i n J/kgK
14 n=1; //no . o f c y l i n d e r s
15 k=1; // f o r 2− s t r o k e

c y l i n d e r
16

17 P1=br+P1 /13.6; // p r e s s u r e o f the gas
18 // at NTP
19 P2=760; //mm o f Hg
20 T2 =0+273; // i n K
21 //P1∗V1/T1=P2∗V2/T2
22 V2=P1*V1*T2/(P2*T1); // volume o f gas used

at NTP in mˆ3
23 Vg=V2/(N/2); // gas used per s t r o k e

i n mˆ3
24

25 //PV=mRT
26 P2 =1.0132*10^5;

27 V=m*R*T2/P2; // volume oc cup i ed by
a i r i n mˆ3/min

28 Va=V/(N/2); // a i r used per s t r o k e
i n m

29

30 Vmix=Vg+Va; // mixture o f gas and
a i r i n mˆ3

31

32 //ETAvol=( a c t u a l volume o f mixture drawn per s t r o k e
at NTP) /( swept volume o f system )

33 ETAvol=Vmix /(( %pi/4)*D^2*L);

34

35 printf( ’ The Vo lumet r i c e f f i c i e n c y i s : %3 . 3 f or %3 . 1
f p e r c en t . \n ’ ,ETAvol ,( ETAvol *100));
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Scilab code Exa 7.17 Example 17

1 clc

2 clear

3 //DATA GIVEN
4 t=1; // du r a t i on o f t r i a l i n

hr
5 N=14000; // r e v o l u t i o n s
6 mc=500; //no . o f mi s sed c y c l e s
7 NBL =1470; //Net brake l oad (W−S )

i n N
8 Pmi =7.5; //mean e f f e c t i v e

p r e s s u r e i n bar
9 Vg =20000/3600; // gas consumption i n

l i t r e s / s
10 C=21; //LCV o f gas at s i p p l y

c o n d i t i o n s i n kJ/ l i t r e
11 D=0.25; // c y l i n d e r d i amete r i n

m
12 L=0.4; // s t r o k e l e n g t h i n m
13 Cb=4; // e f f e c t i v e brake

c i r c um f e r e n c e i n m
14 r=6.5; // compre s s i on r a t i o
15 n=1; //no . o f c y l i n d e r s
16 k=0.5; // f o r 4− s t r o k e

c y l i n d e r
17

18 //gamma f o r a i r , g=1.4
19 g=1.4;

20

21 //INDICTED POWER , I .P.=(n∗PMI∗ l ∗A∗N∗k ∗10) /6 kW
22 Nk=(N*k-mc)/60; // (N∗k )−working c y c l e s

/min
23 A=(%pi/4)*(D^2);
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24 IP=(n*Pmi*L*A*Nk*10) /6;

25 N=N/60;

26 BP=NBL*(Cb)*N/(60*1000);

27 eta=BP/IP; // mechan i ca l
e f f i c i e n c y

28 ETAthi=IP/(Vg*C); // I n d i c a t e d therma l
e f f i c i e n c y

29

30 // r e l a t i v e e f f i c i e n c y , ETArel=ETAthi/ETAas
31 //ETAas=1−1/( r ˆ( g−1) )
32 ETAas =1-1/(r^(g-1)); // a i r−s t andard

e f f i c i e n c y
33 ETArel=ETAthi/ETAas; // r e l a t i v e e f f i c i e n c y
34

35 printf( ’ ( i ) The I n d i c a t e d Power , I . P . i s : %5 . 2 f kW
. \n ’ ,IP);

36 printf( ’ ( i i ) The Brake Power , B .P . i s : %5 . 2 f kW. \
n ’ ,BP);

37 printf( ’ ( i i i ) Mechan ica l e f f i c i e n c y i s : %5 . 3 f o r %2
. 1 f p e r c en t . \ n ’ ,eta ,(eta *100));

38 printf( ’ ( i v ) The I n d i c a t e d therma l e f f i c i e n c y i s :
%2 . 2 f or %2 . 0 f p e r c en t . \n ’ ,ETAthi ,( ETAthi *100));

39 printf( ’ ( v ) The R e l a t i v e e f f i c i e n c y i s : %2 . 3 f or
%2 . 1 f p e r c en t . \n ’ ,ETArel ,( ETArel *100));
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Chapter 10

Air Compressors

Scilab code Exa 10.1 Example 1

1 clc

2 clear

3 //DATA GIVEN
4 V1=1; // volume o f a i r

taken i n mˆ3/mim
5 p1 =1.013; // i n t a k e p r e s s u r e i n

bar
6 T1 =15+273; // i n t a k e t empera tu r e

i n K
7 p2=7; // d e l i v e r y p r e s s u r e

i n bar
8 t=1*60; // t ime in s e cond s
9 // law o f compres s ion , pVˆ1.35=C

10 n=1.35;

11 R=287;

12

13 m=p1 *10^5* V1/R/T1; //mass o f a i r
d e l i v e r e d i n kg/min

14

15 // (T2/T1)=(p2/p1 ) ˆ ( ( n−1)/n ) ;
16 T2=T1*(p2/p1)^((n-1)/n); // d e l i v e r y temp . T2
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i n K
17

18 W=(n)/(n-1)*m*R*(T2-T1)/1000; // i n d i c a t e d work i n
kJ/min

19

20 IP=W/t; // i n d i c a t e d power i n
kW

21

22 printf( ’ The I n d i c a t e d power , IP i s : %1 . 2 f kW. \n ’ ,
IP);

Scilab code Exa 10.2 Example 2

1 clc

2 clear

3 // con t i nued from Example 1
4 //DATA GIVEN
5 V=1; // volume d e a l t with

per min at i n l e t i n mˆ3/mim
6 Vc =1/300; // volume drawn in

per cy c l e , i n mˆ3/ c y c l e
7 r=1.5; // s t r o k e to bore

r a t i o
8 ETAc =0.85; // mechan i ca l

e f f i c i e n c y o f the compre s so r
9 ETAmt =0.90; // mechan i ca l

e f f i c i e n c y o f the motor t r a n sm i s s i o n
10

11 // c y l i n d e r volume , Vc=( p i /4)Dˆ2∗L
12 D=[(Vc*4/%pi)/r]^(1/3); // bore i n m
13

14 // from example 1
15 Pi =4.23/ ETAc; // power input to the

compre s so r i n kW
16 MP=Pi/ETAmt; //motor power i n kW
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17

18 printf( ’ ( i ) The Cy l i nd e r bore ,D i s : %3 . 1 f mm. \n ’ ,(
D*1000));

19 printf( ’ ( i i ) The Motor power i s : %1 . 2 f kW. \n ’ ,MP);

Scilab code Exa 10.3 Example 3

1 clc

2 clear

3 //DATA GIVEN
4 T1 =20+273; // t empera tu r e i n K
5 p1=1; // p r e s s u r e i n bar
6 p2=10; // p r e s s u r e i n bar
7 Cv =0.718; // i n kJ/kgK
8

9 // law o f compres s ion , pVˆ1.2=C
10 n=1.2;

11 R=0.287; // i n kJ/kgK
12

13 // (T2/T1)=(p2/p1 ) ˆ ( ( n−1)/n ) ;
14 T2=T1*(p2/p1)^((n-1)/n); // temp . T2 in K
15 m=1;

16 W=(n)/(n-1)*m*R*T1*[(p2/p1)^((n-1)/n) -1]; //
work done per kg o f a i r ( kJ/kg o f a i r )

17

18 //By the F i r s t Law o f Thermodynamics
19 // heat t r a n s f e r r e d dur ing compres s ion , Q=W+DU
20 //Q=(p1V1−p2V2 ) /(n−1)+Cv(T2−T1)
21 //Q=(T2−T1) ∗ [ Cv−R/(n−1) ]
22 Q=(T2 -T1)*[Cv -R/(n-1)];

23

24 printf( ’ ( i ) The Temperature at the end o f
compre s s i on i s : %3 . 0 f K or %3 . 0 f deg . c e l s i u s . \n
’ ,T2 ,(T2 -273));

25 printf( ’ ( i i ) The Work done dur ing compre s s i on per
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kg o f a i r i s : %3 . 2 f kJ/kg o f a i r . \n ’ ,W);
26 printf( ’ The Heat t r a n s f e r r e d dur ing

compre s s i on per kg o f a i r i s : %2 . 2 f kJ/kg o f a i r .
\n ’ ,Q);

27 printf( ’ ( Nega t i v e s i g n i n d i c a t e s heat
REJECTION . ) \n ’ );

Scilab code Exa 10.4 Example 4

1 clc

2 clear

3 //DATA GIVEN
4 p1=1; // s u c t i o n p r e s s u r e

i n bar
5 T1 =20+273; // s u c t i o n

t empera tu re i n K
6 p2=6; // d i s c h a r g e p r e s s u r e

i n bar
7 T2 =180+273; // d i s c h a r g e

t empera tu re i n K
8 N=1200; // speed o f

compre s so r i n R.P .M.
9 Pshaft =6.25; // s h a f t power i n kW

10 Ma=1.7; //mass o f a i r
d e l i v e r e d i n kg/min

11 D=0.14; // d iamete r i n m
12 L=0.1; // s t r o k e i n m
13 R=287; // i n kJ/kgK
14

15 Vd=(%pi/4)*D^2*L*N; // d i s p l a c emen t
volume f o r s i n g l e a c t i n g compre s so r i n mˆ3/min

16 FAD=Ma*R*T1/p1 /10^5; //mˆ3/min
17 ETAvol=FAD/Vd*100; // a c t u a l v o l ume t r i c

e f f i c i e n c y
18
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19 // (T2/T1)=(p2/p1 ) ˆ ( ( n−1)/n ) ;
20 n=1/[1 -( log(T2/T1)/log(p2/p1))]; // index o f

compres s ion , n
21

22 IP=(n)/(n-1)*Ma/60*R/1000* T1*[(p2/p1)^((n-1)/n) -1];

// i n d i c a t e d power i n kW
23

24 Piso=Ma/60*R/1000* T1*log(p2/p1);

// i s o t h e rma l power
25 ETAiso=Piso/IP*100;

// i s o t h e rma l
e f f i c i e n c y

26

27 ETAmech=IP/Pshaft *100;

// mechan i ca l
e f f i c i e n c y

28

29 ETAovr_iso=Piso/Pshaft *100;

// o v e r a l l i s o t h e rma l
e d d i c i e n c y

30

31 printf( ’ ( i ) The a c t u a l Vo lumet r i c e f f i c i e n c y i s : %2
. 2 f p e r c en t . \n ’ ,ETAvol);

32 printf( ’ ( i i ) The I n d i c a t e d Power , IP i s : %1 . 3 f KW.
\n ’ ,IP);

33 printf( ’ ( i i i ) The I s o t h e rma l e f f i c i e n c y i s : %2 . 2 f
p e r c en t . \ n ’ ,ETAiso);

34 printf( ’ ( i v ) The Mechan ica l e f f i c i e n c y i s : %2 . 1 f
p e r c en t . \ n ’ ,ETAmech);

35 printf( ’ ( v ) The Ove r a l l i s o t h e rma l e f f i c i e n c y i s :
%2 . 1 f p e r c en t . \ n ’ ,ETAovr_iso);

Scilab code Exa 10.5 Example 5

1 // 5( b ) i s as f o l l o w s :
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2 clc

3 clear

4 //DATA GIVEN
5 m=6.75; //mass o f a i r i n kg/min
6 p1=1; // p r e s s u r e i n bar
7 T1 =21+273; // temp . i n K
8 p2 =1.35; // p r e s s u r e i n bar
9 T2 =43+273; // temp . i n K
10 DTcw =3.3; // temp . r i s e o f c o o l i n g

water i n deg . c e l s i u s
11 Cp =1.003; //Cp f o r a i r i n kJ/kgK
12 //gamma f o r a i r =1.4
13 g=1.4;

14

15 W=m*Cp*(T2-T1); //work i n kJ/min
16 // I f the compre s s i on would have been i s o t r o p i c ,
17 //T 2=T1∗ ( rp ) ˆ [ ( g−1)/g ]
18 rp=p2/p1;

19 T_2=T1*(rp)^[(g-1)/g];

20 Qr=m*Cp*(T_2 -T2); // heat r e j e c t e d to c o o l i n g
water

21

22 Mw=Qr /[4.18*( DTcw)]; //mass o f c o o l i n g water i n
kg/min

23

24 printf( ’ ( i ) The Work i s : %3 . 2 f kJ/min . \n ’ ,W);
25 printf( ’ ( i i ) The Mass o f c o o l i n g water i s : %1 . 2 f kg

/min . \n ’ ,Mw);
26

27 //NOTE:
28 // i n the qu e s t i o n compre s s i on p r o c e s s i s ment ioned

and p2 i s g i v en as 0 . 3 5 bar ( p2<p1 )
29 // which i s wrong and f u r t h e r p2 i s g i v en as 1 . 3 5 bar

which i s a l l ow ab l e
30 // so he r e va lu e o f p2 i s taken as 1 . 3 5 bar .
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Scilab code Exa 10.6 Example 6

1 clc

2 clear

3 //DATA GIVEN
4 V1=14; // quan t i t y o f a i r to

be d e l i v e r e d , i n mˆ3/mim
5 p1 =1.013; // i n t a k e p r e s s u r e i n

bar
6 T1 =15+273; // i n t a k e t empera tu r e

i n K
7 p2=7; // d e l i v e r y p r e s s u r e

i n bar
8 N=300; // speed o f

compre s so r i n R.P .M.
9 n=1.3; // compre s s i on and

expans i on index
10 R=0.287;

11

12 // c l e a r a n c e volume , Vc = 0 . 0 5 Vs ,Vs=swept volume
13 // swept volume Vs=V1−V3=V1−Vc=V1−0.05Vs
14 //V1=1.05Vs
15 Vpc=V1/N/2;

// (
V1−V4) volume induced per c y c l e i n mˆ3

16 //V4/V3=(p2/p1 ) ˆ(1/ n )
17 c=(p2/p1)^(1/n);

18 //V4=c∗V3=c ∗0 . 0 5 Vs
19 //V1−V4=1.05Vs−c ∗0 . 0 5 Vs
20 Vs=Vpc /(1.05) /(1.05 -c*0.05);

// volume swept i n mˆ3
21

22 // u s i n g r e l a t i o n (T2/T1)=(p2/p1 ) ˆ ( ( n−1)/n ) ;
23 T2=T1*(p2/p1)^((n-1)/n);
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// d e l i v e r y temp .
T2 in K

24

25 IP=(n)/(n-1)*p1 *10^5* Vpc /100*[( p2/p1)^((n-1)/n) -1];

// i n d i c a t e d power i n kW
26

27 printf( ’ ( i ) The Swept volume o f the c y l i n d e r , Vs i s
: %1 . 4 f mˆ3 . \n ’ ,Vs);

28 printf( ’ ( i i ) The d e l i v e r y temperature , Ts i s : %3 . 0 f
deg . c e l s i u s . \n ’ ,(T2 -273));

29 printf( ’ ( i i i ) The I n d i c a t e d power , IP i s : %2 . 2 f kW.
\n ’ ,IP);

30

31 //NOTE:
32 // t h e r e i s s l i g h t v a r i a t i o n i n answers i n t ex tbook

due to round ing o f f o f v a l u e s i n book
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Chapter 13

Transmission of Motion and
Power

Scilab code Exa 13.1 Example 1

1 clc

2 clear

3 //DATA GIVEN
4 N1=240; // speed o f the eng i n e

s h a f t i n R.P .M.
5 d1=1.5; // d iamete r o f p u l l e y on

eng i n e s h a f t i n m
6 d2 =0.75; // d iamete r o f p u l l e y on

machine s h a f t i n m
7 t=0.005; // t h i c k n e s s o f the b e l t

i n m
8

9 // with no s l i p
10 // (N2/N1)=(d1+t ) /( d2+t )
11 N2=(d1+t)/(d2+t)*N1; // speed o f the machine

s h a f t i n R.P .M.
12

13 // with s l i p o f 2%
14 S=2; // s l i p i n %
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15 // (N2/N1)=(d1+t ) /( d2+t ) ∗((100−S ) /100)
16 N2s=(d1+t)/(d2+t)*N1*((100 -S)/100);

17

18 printf( ’ ( i ) The Speed o f machine sha f t , N2 with no
s l i p i s : %4 . 1 f R.P .M. \n ’ ,N2);

19 printf( ’ ( i i ) The Speed o f machine sha f t , N2 with
s l i p o f 2 p e r c en t i s : %4 . 1 f R.P .M. \n ’ ,N2s);

Scilab code Exa 13.2 Example 2

1 clc

2 clear

3 //DATA GIVEN
4 r1 =900/2000; // r a d i u s o f l a r g e r

p u l l e y i n m
5 r2 =300/2000; // r a d i u s o f sma l l e r

p u l l e y i n m
6 d=6; // d i s t a n c e between the

c e n t r e s o f p u l l e y i n m
7

8 // Length o f c r o s s b e l t , L c r o s s =( p i ) ( r1+r2 )+( r1+r2 )
ˆ2/d+2d ;

9 Lcross =(%pi)*(r1+r2)+(r1+r2)^2/d+2d;

10 // Length o f open be l t , Lopen=( p i ) ( r1+r2 )+(r2−r1 ) ˆ2/d
+2d ;

11 Lopen=(%pi)*(r1+r2)+(r2-r1)^2/d+2d;

12

13 Lred=Lcross -Lopen; // l e n g t h to be reduced
14 printf( ’ The Length o f the b e l t to be reduced , \n (

to change the d i r e c t i o n o f r o t a t i o n o f the
f o l l o w e r p u l l e y s ) i s : %2 . 0 f mm. \n ’ ,(Lred *1000));

Scilab code Exa 13.3 Example 3
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1 clc

2 clear

3 //DATA GIVEN
4 T1 =1500; // t e n s i o n on the t i g h t

s i d e i n N
5 T2 =1200; // t e n s i o n on the s l a c k

s i d e i n N
6 v=80; // speed o f the b e l t i n m

/ s
7

8 P=(T1 -T2)*v; // power t r a n sm i t t e d by
the b e l t i n watt s

9

10 printf( ’ The Power t r an sm i t t e d by the b e l t i s : %2 . 0 f
kW. \n ’ ,(P/1000));

Scilab code Exa 13.4 Example 4

1 clc

2 clear

3 //DATA GIVEN
4 v=500; // speed o f the b e l t i n m

/min
5 mu=0.3; // c o e f f i c i e n t o f

f r i c t i o n
6 theta =160; // ang l e o f c on t a c t i n

d e g r e e s
7 T1=700; //maximum t e n s i o n i n the

b e l t i n N
8

9 // (T1/T2)=e ˆ(mu∗ t h e t a )
10 theta=theta *(%pi)/180; // th e t a conve r t ed i n t o

r a d i a n s
11 T2=T1/(%e^(mu*theta)); // t e n s i o n on the s l a c k

s i d e i n N
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12 v=v/60; // speed o f the b e l t
c onve r t ed i n t o m/ s

13 P=(T1-T2)*v; // power t r a n sm i t t e d by
the b e l t i n watt s

14

15 printf( ’ The Power t r an sm i t t e d by the b e l t i s : %2 . 3 f
kW. \n ’ ,(P/1000));

Scilab code Exa 13.5 Example 5

1 clc

2 clear

3 //DATA GIVEN
4 r1 =750/2000; // r a d i u s o f l a r g e r

p u l l e y i n m
5 r2 =300/2000; // r a d i u s o f sma l l e r

p u l l e y i n m
6 d=1.5; // d i s t a n c e between the

c e n t r e s o f p u l l e y i n m
7 Tms =14; //maximum s a f e t e n s i o n

i n N/mm
8 b=150; // width o f the b e l t i n

mm
9 v=540; // speed o f the b e l t i n m

/min
10 mu =0.25; // c o e f f i c i e n t o f

f r i c t i o n
11

12 T1=Tms*b; //maximum t e n s i o n i n the
b e l t i n N

13 v=v/60; // speed o f the b e l t
c onve r t ed i n t o m/ s

14 // ( i ) f o r open b e l t
15 ALPHAo=asin ((r1-r2)/d)*180/( %pi); // a lpha i n

d e g r e e s
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16 THETAo =180 -2* ALPHAo; // ang l e o f
l ap or c on t a c t i n deg

17 T2o=T1/(%e^(mu*( THETAo*%pi /180))); // t e n s i o n on
the s l a c k s i d e i n N

18 Po=(T1-T2o)*v; // power
t r a n sm i t t e d by the b e l t i n watt s

19

20 // ( i i ) f o r c r o s s b e l t
21 ALPHAc=asin ((r1+r2)/d)*180/( %pi); // a lpha i n

d e g r e e s
22 THETAc =180+2* ALPHAc; // ang l e o f

l ap or c on t a c t i n deg
23 T2c=T1/(%e^(mu*( THETAc*%pi /180))); // t e n s i o n on

the s l a c k s i d e i n N
24 Pc=(T1-T2c)*v; // power

t r a n sm i t t e d by the b e l t i n watt s
25

26 printf( ’ ( i ) The Maximum Power t r an sm i t t e d by the
open b e l t i s : %2 . 3 f kW. \n ’ ,(Po /1000));

27 printf( ’ ( i i ) The Maximum Power t r a n sm i t t e d by the
c r o s s b e l t i s : %2 . 3 f kW. \n ’ ,(Pc /1000));

Scilab code Exa 13.6 Example 6

1 clc

2 clear

3 //DATA GIVEN
4 b=0.25; // width o f the b e l t i n m
5 t=0.006; // t h i c k n e s s o f the b e l t

i n m
6 r=900/2000; // r a d i u s o f the p u l l e y

i n m
7 rho =1100; // d e n s i t y o f the

ma t e r i a l i n kg/mˆ3
8 Tp=2; // p e rm i s s i b l e t e n s i o n o f
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the b e l t i n MN/mˆ2
9 ratio =2; // r a t i o o f T1/T2=2
10 N=200; // speed o f the p u l l e y i n

R.P .M.
11

12 Tmax=Tp *10^6*b*t; //maximum s a f e t e n s i o n
o f the b e l t

13 // c e n t r i f u g a l t en s i on , Tc=m∗vˆ2
14 m=(b*t)*1* rho; //mass o f the b e l t per

un i t metre l e n g t h
15 v=2*( %pi)*(r+t/2)*N/60;

16 Tc=m*v^2;

17

18 T1=Tmax -Tc; // t e n s i o n i n the t i g h t
s i d e i n N

19 T2=T1/ratio; // t e n s i o n i n the s l a c k
s i d e i n N

20 P=(T1-T2)*v; // power t r a n sm i t t e d by
the b e l t i n watt s

21

22

23 printf( ’ ( i ) The C e n t r i f u g a l t e n s i o n Tc i s : %3 . 1 f N.
\n ’ ,Tc);

24 printf( ’ ( i i ) The Power t r an sm i t t e d by the b e l t i s :
%2 . 1 f kW. \n ’ ,(P/1000));

Scilab code Exa 13.7 Example 7

1 clc

2 clear

3 //DATA GIVEN
4 P=35; // power r e q u i r e d to be

t r a n sm i t t e d by the b e l t i n kW
5 d=1.5; // e f f e c t i v e d i amete r o f

p u l l e y i n m
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6 N=300; // speed o f the p u l l e y i n
R.P .M.

7 theta =11/24*2* %pi; // ang l e o f c on t a c t i n
r a d i a n s

8 mu=0.3; // c o e f f i c i e n t o f
f r i c t i o n

9 t=0.0095; // t h i c k n e s s o f the b e l t
i n m

10 rho =1100; // d e n s i t y o f the
ma t e r i a l i n kg/mˆ3

11 sigma =2.5; // p e rm i s s i b l e s t r e s s i n
MN/mˆ2

12

13 v=%pi*d*N/60; // speed o f the b e l t i n m
/ s

14 //P=(T2−T1) ∗v , so (T2−T1)=P/v . . . . . . . . . . . . . . . . . . . . ( 1 )
15 c=%e^(mu*theta); // so , T2/T1=c . . . . . . . . ( 2 )
16 //By equa t i on ( 1 ) and ( 2 ) ,
17 T2=(P/v*1000) /(c-1); // t e n s i o n i n the s l a c k

s i d e i n N
18 T1=c*T2; // t e n s i o n i n the t i g h t

s i d e i n N
19

20 //maximum ten s i on , Tmax=sigma ∗b∗ t =0.2375∗b∗10ˆ6 N
( 3 )

21 // c e n t r i f u g a l t en s i on , Tc=m∗v ˆ2=5800.5∗b N
( 4 )

22 //T1=Tmax−c
( 5 )

23 //By eqn . ( 3 ) , ( 4 ) and ( 5 )
24 b=T1/(( sigma *10^6*t) -(t*1*rho*v^2)); // width o f

the b e l t i n m
25

26 printf( ’ The Width o f the b e l t i s : %3 . 0 f mm ( say 150
mm) . \n ’ ,(b*1000));
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Scilab code Exa 13.8 Example 8

1 clc

2 clear

3 //DATA GIVEN
4 b=0.2; // width o f the b e l t i n m
5 t=0.01; // t h i c k n e s s o f the b e l t

i n m
6 Tp=2; // p e rm i s s i b l e t e n s i o n o f

the b e l t i n MN/mˆ2
7 ratio =1.8; // r a t i o o f T1/T2=1.8
8 rho =1100; // d e n s i t y o f the

ma t e r i a l i n kg/mˆ3
9

10 Tmax=Tp *10^6*b*t; //maximum s a f e t e n s i o n
o f the b e l t

11 //we know c e n t r i f u g a l t en s i on , Tc=Tmax/3
12 Tc=Tmax /3;

13 // c e n t r i f u g a l t en s i on , Tc=m∗vˆ2
14 m=(b*t)*1* rho; //mass o f the b e l t per

un i t metre l e n g t h
15 v=(Tc/m)^0.5;

16

17 T1=Tmax -Tc; // t e n s i o n i n the t i g h t
s i d e i n N

18 T2=T1/ratio; // t e n s i o n i n the s l a c k
s i d e i n N

19 P=(T1-T2)*v; // power t r a n sm i t t e d by
the b e l t i n watt s

20

21 printf( ’ ( i ) The Ve l o c i t y o f the b e l t i s : %3 . 1 f m/ s .
\n ’ ,v);

22 printf( ’ ( i i ) The Maximum power t r a n sm i t t e d by the
b e l t i s : %2 . 2 f kW. \n ’ ,(P/1000));
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Scilab code Exa 13.9 Example 9

1 clc

2 clear

3 //DATA GIVEN
4 To =1000; // i n i t i a l t e n s i o n i n the

b e l t i n N
5 theta =150; // ang l e o f embrace i n

d e g r e e s
6 mu =0.25; // c o e f f i c i e n t o f

f r i c t i o n
7 v=500; // speed o f the b e l t i n m

/min
8

9 // I n i t i a l t e n s i on , To=(T1+T2) /2
10 // so , (T1+T2) = 2 0 0 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 1 )
11 theta=theta *(%pi)/180; // th e t a conve r t ed i n t o

r a d i a n s
12 c=%e^(mu*theta); // so , T2/T1=c . . . . . . . . ( 2 )
13 //By equa t i on ( 1 ) and ( 2 ) ,
14 T2=(To*2)/(c+1); // t e n s i o n i n the s l a c k

s i d e i n N
15 T1=c*T2; // t e n s i o n i n the t i g h t

s i d e i n N
16

17 v=v/60; // speed o f the b e l t
c onve r t ed i n t o m/ s

18 P=(T1-T2)*v; // power t r a n sm i t t e d by
the b e l t i n watt s

19

20 printf( ’ ( i ) The Tens ion i n the t i g h t s i d e T1 i s : %4
. 0 f N. \n ’ ,T1);

21 printf( ’ The Tens ion i n the s l a c k s i d e T2 i s :
%3 . 1 f N. \n ’ ,T2);
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22 printf( ’ ( i i ) The Power t r an sm i t t e d by the b e l t i s :
%2 . 2 f kW. \n ’ ,(P/1000));

Scilab code Exa 13.10 Example 10

1 clc

2 clear

3 //DATA GIVEN
4 P=400; //maximum va lu e o f f o r c e

tha t can be deve l oped in N
5 mu =0.25; // c o e f f i c i e n t o f

f r i c t i o n
6 d=0.6; // d iamete r o f drum in m
7 // Re f e r the f i g u r e
8 theta =180+45; // ang l e o f c on t a c t i n

d e g r e e s
9 theta=theta *(%pi)/180; // th e t a conve r t ed i n t o

r a d i a n s
10

11 //moments about A, Ma=0 ,
12 T1=P*1/0.5;

13

14 // ( i )Drum i s r o t a t i n g a n t i c l o c kw i s e
15 //T1>T2 (T1/T2)=e ˆ(mu∗ t h e t a )
16 T2=T1/(%e^(mu*theta));

17 Mcac=(T1-T2)*(d/2); //maximum brak ing
t o r qu e t h a t can be deve l oped i n N

18

19 // ( i )Drum i s r o t a t i n g c l o c kw i s e
20 //T2>T1 (T2/T1)=e ˆ(mu∗ t h e t a )
21 T2=T1*(%e^(mu*theta));

22 Mcc=(T2 -T1)*(d/2); //maximum brak ing
t o r qu e t h a t can be deve l oped i n N

23

24 printf( ’ ( i ) The Maximum brak ing to rque tha t can be
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deve l oped in a n t i c l o c kw i s e d i r e c t i o n i s : %3 . 0 f Nm
. \n ’ ,Mcac);

25 printf( ’ ( i i ) The Maximum brak ing to rque tha t can be
deve l oped in c l o c kw i s e d i r e c t i o n i s : %3 . 1 f Nm. \

n ’ ,Mcc);

Scilab code Exa 13.11 Example 11

1 clc

2 clear

3 //DATA GIVEN
4 Pt=80; // power to be

t r a n sm i t t e d by the rope i n kW
5 d=1.5; // d iamete r o f p u l l e y i n

m
6 N=200; // speed o f the p u l l e y i n

R.P .M.
7 alpha =45/2; // semi ang l e o f g roove

i n d e g r e e s
8 theta =160; // ang l e o f c on t a c t i n

d e g r e e s
9 mu=0.3; // c o e f f i c i e n t o f

f r i c t i o n
10 m=0.6; //mass o f each rope per

un i t metre l e n g t h
11 Ts=800; // s a f e p u l l i n N
12

13 // c e n t r i f u g a l t en s i on , Tc=m∗vˆ2
14 v=(%pi)*d*N/60; // v e l o c i t y

o f the rope i n m/ s
15 Tc=m*v^2;

16

17 T1=Ts-Tc; // t e n s i o n i n
the t i g h t s i d e i n N

18 // (T1/T2)=e ˆ(mu∗ t h e t a )
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19 theta=theta *(%pi)/180; // th e t a
conve r t ed i n t o r a d i a n s

20 alpha=alpha *(%pi)/180; // a lpha
conve r t ed i n t o r a d i a n s

21 T2=T1/(%e^(mu*theta/sin(alpha))); // t e n s i o n on
the s l a c k s i d e i n N

22 p=(T1-T2)*v; // power
t r a n sm i t t e d by the b e l t i n watt s

23

24 //no . o f r op e s r e qu i r ed , n=Tota l power t r a n sm i t t e d /
Power t r an sm i t t e d by each rope

25 n=Pt/(p/1000);

26

27 // I n i t i a l t e n s i o n i n rope , To=(T1+T2+2Tc ) /2
28 To=(T1+T2+2*Tc)/2;

29

30 printf( ’ ( i ) The Number o f r op e s r e q u i r e d f o r the
d r i v e s i s : %1 . 1 f say %1 . 0 f . \n ’ ,n,n);

31 printf( ’ ( i i ) The I n i t i a l t e n s i o n i n the rope , To i s
: %3 . 2 f N. \n ’ ,To);

Scilab code Exa 13.12 Example 12

1 clc

2 clear

3 //DATA GIVEN
4 T=72; //number o f t e e t h
5 Pc=26; // c i r c u l a r p i t c h i n mm
6

7 // c i r c u l a r p i t ch , Pc=( p i ∗D) /T
8 D=Pc*T/(%pi); // p i t c h d iamete r i n m
9 //Pc∗Pd=( p i )

10 Pd=(%pi)/Pc; // d i ame t r a l p i t c h i n
t e e t h /mm

11 // Module , m=D/T
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12 m=D/T; //module i n mm/ too th
13

14 printf( ’ ( i ) The P i t ch diameterm , D i s : %3 . 2 f mm. \n
’ ,D);

15 printf( ’ ( i i ) The Diamet ra l p i t ch , Pd i s : %1 . 2 f
t e e t h /mm. \n ’ ,Pd);

16 printf( ’ ( i i i ) The Module ,m i s : %1 . 2 f mm/ too th . \n ’ ,m
);

Scilab code Exa 13.13 Example 13

1 clc

2 clear

3 //DATA GIVEN
4 Ta=40; //number o f t e e t h o f

g ea r A
5 Tb=100; //number o f t e e t h o f

g ea r B
6 Tc=50; //number o f t e e t h o f

g ea r C
7 Td=150; //number o f t e e t h o f

g ea r D
8 Te=52; //number o f t e e t h o f

g ea r E
9 Tf=130; //number o f t e e t h o f

g ea r F
10 Na =1000; // speed o f the motor

s h a f t i n R.P .M.
11

12 // ( Nf/Na)=(Ta/Tb) ∗ (Tc/Td) ∗ (Te/Tf )
13 Nf=(Ta/Tb)*(Tc/Td)*(Te/Tf)*Na; // Speed o f the

output s h a f t i n R.P .M.
14

15 printf( ’ The Speed o f the output sha f t , Nf i s : %3 . 2 f
R.P .M. \n ’ ,Nf);
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